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Original Communications 


NONSPECIFIC PNEUJrONITIS OP THE LEFT UPPER LOBE (SUIL'- 
LATING THE “JIIDDLE LOBE SITCDROIIE” AND PRODUCINO AN 
EARLY SUPERIOR PLRjilONART SULCUS SYNDROME) 

Report of Case* 

■\VlLLTAM JI. AsiTE, JoHN’ R. ilcDOXALD, AND 

0. Theron Clagett, M.D.,§ 

ROCnESTER, ilixx. 

T HIS report cicala vnih a case in which uotiKpecific pneuraoiiitia ^ra8 sitnateil 
in the apex of the loft upper lobe. The lesion produced some symptoms 
characteristic of the superior puhnoiinin' sulcus syndrome, and the pafhologir 
findings in the resected loft upper lobe resembled those of the so-called middle 
lol)c s)Tidromc reported by Graham, Rur/ord, and llnycr^ as a disease entity-. 


REPORT OF CASE 


On April 12 , 1040, a 33-year-ol(l married woman who wai air montliB^ pregnant, 
regietered at the Ifnyo Cllnle beeauee a lesion in the apex of the left upper lol>e had been 
diacovered by her family pliyaielan. KeWcw of her past hiatorj- revealed no previous *ori- 
ou* Illness. Each spring for the past seven or eight years she hod had mild pyrexia which 
hod been controlled enslly by admlnistmtlon of pyribeammine. In addition, she etntod that 
during the previous winter she had had “bronchitis*' on two occasions. On each occasion, 
the “bronchitis” had lasted nlwat ten days and had been clmracterired by fevor and a 
tight paroxysmal ty]io of cough that become productive as she Improved. In the course of 
the “bronchitis” her temperature had been ns high as 103* F. She had been treated with 
sulfonamide drugs during each episode, ond complete remission of her s.NTnptoms hnd 
occurred. 

Slx'weeks before the patient come to tho clinic, a nonproductive persistent cough hnd 
developed and had been accompanied by pain over the anterior portion of the left side of 
the thorax. During the next four weeks these symptoms had become progressively worse 
and the pain hnd begun to extend to the left shoulder and down the medial aspect of the 
left arm to the elbow. The cough hnd become productive of about 1 tablespoonful of clear 
phlegm in twenty-four hours, and on one day her temperature had been 101 ^ F. 

About a week before the patient came to the clinic, her famUy physician had found 
a “lump” in the left supraclavicular region. Pressure on this “Jump” bad caused the 
pain to extend to the left shoulder and down the left arm. During this time, she had re¬ 
ceived 1 °00,000 units of penicillin without any noticeable beneflt. Doentgenographic ex- 
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probably indicative of superior pulmonary sulcus tumor (broncliiogenic carcinonia) of the left 
upper lobe. It was felt, lio\rever, tlmt the presence of pulmonary tuberculosis should be ruled 
out. 

Bronchoscoplc examination did not disclose any ftbnormnlity, and cytologic examination 
of the secretions and smears obtained from the left upper lobe bronchus did not reveal any 
malignant cells. 

After bronchoscopy, the patient had irregular uterine contractions, 'which she charac¬ 
terized as being typical of labor pains. These wore controlled by rest in bed and by the 
administration of sedatives, stilbestrol, and corpus lutonra extract- 

In spite of the fact that bronchoscopy nnd examination of the sputum did not reveal 
that the lesion in the left upper lobe was of a malignant nature, it was felt that the pres¬ 
ence of the mass in the left supraclavicular area, the abnormal density in the roentgeno¬ 
gram of the left upper lobe, and the s^-mptoms necessitated an exploratory thoracotomy. 

The x^itifot was hopt in the hospital for a few days for preoperative preparation 
because of the anemia and threatened miscarriage. She received three blood transfusions 
of 250 C.C. of whole blood each time, and therapy was continued to prevent premature labor. 



Fig. 2,—Postero-anterlor roentgenojrram of thorax made on the thirteenth dsCT after lobectomy. 

The left lower lobo Is expandlnff to fill the defect caused by removal of the upper lobe. 

On April 10, 1940, an exiiloratory thoracotomy was performed by one of us (Clagett) 
by means of a left posterolateral incision and resection of a long posterior segment of the 
fifth rib. A firm, nodular lesion was found in the extreme apex of the upper lobo of the 
left lung. The mass was firmly adherent to the thoracic wall. It was grossly suggestive 
of a superior sulcus tumor of a raalignont nature. The lung was dissectod free through 
an extrapleural line of cleavage without difficulty. The upper lobe of the left lung was 
removed by dividing nnd ligating the hilar vessels indhridoally. The bronchus was closed 
■with a single row of interrupted silk sutures, nnd the bronchial stump wtls covered with 
pleura. The thoracic wall ■was closed in layers, nnd two intercostal catheters were inserted 
for temporarj' closed drainage after instillation of 200,000 nnlts of penicillin' into the 
pleural space. 

The. tfcnmlesconeo was uneventful except Jor occasional irregular uterine contractions 
in the immediate postoperative period. The patient was permitted to return to her home 
on the fourteenth day after the operation. On the thirteenth day after the oi>eration, 
roentgenographic examination revealed that the lower lobe of the left lung was expanding 
to fill the defect eaa8e<l by excision of the ui»pcr lobe (Fig. 2). 
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In the extreme apex of the excised lobe there was a verj^ firm nodular lesion which 
measured 6.5 by 4 by 4 cm. (Fig. 3). The pleura over the lesion was firmly adherent, 
greatly thickened, and reddened. The remainder of the lobe was aerated and grossly normal. 

On section, the involved portion of the lobe was firm and whitish yellow in appear¬ 
ance. The involved firm and contracted segment corresponded to the posterior apical 
division of the left upper lobe bronchus. The lobar Ij-mph nodes were enlarged and moder¬ 
ately firm. Thej' closely encircled the left upper lobe bronchus and its divisions. 



5 —Firm, whitish-yellow patch of pneumonitis In the apex of the left upper lobe. This 
represents an advanced stage of pneumonitis. 



Fig. 


4.—Jlcdlastlnal surface of left upper lobe, 
normal appearing bronchi end as a "pencil 


The hilar lymph nodes are enlarged, and 
point” in the region of pneumonitis. 


The bronchi showed no evidence of extrinsic bronchial compression, endobronchial 
lesion or bronchiectatic changes. Rather, the involved posterior apical bronchus and its 
branches were gradually reduced in caliber to a point, similar to a “pencil point,’’ which 
ended in the region of the lesion (Fig. 4). 



ARUF. FT AL.: PNEUMONITIft Or (iri’Fll l-OEK 


iMcroJteopie eiamlnotlon of ibt contwliilatcd portion of llie 1 o\h> Tovi?nlc<l inflnrr.mntory 
eeUp inclutlin^^ polyraorphotiueUnT IcucocjrUi*, fyiophocyles, eosinophils nnO 
phagocyte*, and abscease*. In this portion, Ihw wa* mnrkeil fif^rosis (Fip. 5). In the 
adjacent polmoonry liwoc the nlveolnr apntw wen* djlntcxl nnd congested with eernm, 
erythroeyies, nnd large raouonuclenT plmgacyllc cells. 

The bronchi were not filled with secretion. In this n^^^H.•ct, tlio nilcroscoj)lc upjH*tir- 
ance differed from thnt resulting from ohstmctlvc pncumonilK: In which the bronchi often 
contain secretion and cellular debris. 



and'Wntson,*ln jgjg mass cnlnr^tpg- 

at medionl aLti^ t1« 

obsetved. All features of tho ''“PO'^cd.] , 
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In the extreme apex of the excised lobe there was a very firm nodular lesion which 
measured 6.5 by 4 by 4 cm. (Pig. 3). The pleura over the lesion was firmly adherent, 
greatly tliickened, and reddened. The remainder of the lobe was aerated and grossly normal. 

On section, the involved portion of the lobe was firm and whitish yellow in appear¬ 
ance. The involved firm and contracted segment corresponded to the posterior apical 
division of the left upper lobe bronchus. The lobar lymph nodes were enlarged and moder¬ 
ately firm. Thej' closely encircled the left upper lobe bronchus and its divisions. 




Pig. 4.—Medlaatlnal surface of left upper ;obe. The hilar nn®eumon’ltls^' 

normal appearing bronchi end as a ' pencil point In the region of p 


The bronchi showed no evidence of extrinsic bronchial compression, endobronchial 
lesion or bronchiectatic changes. Bather, the involved posterior apical bronchus and ite 
branches were gradually reduced in caliber to a point, similar to a "pencil point," which 
ended in the region of the lesion (Pig. 4). 


EXFOLIATIVE CYTOLOGY 

An Adjunct in the Diagnosis of Bronchiooentc Cahcinoiia 

Eusadeth Jackson, B.A.. Ff-Rrdccio Bertou. SI.D., and 
Lauren V. Ackerman, SI.D. 

St. Louis, JIo. 

B HONCHIOGENIC carcinoma has elicited considerable attention since this 
form of carcinoma has sliomi a steady increase in incidence during the 
past thirty years, tvhile the incidence of carcinoma of the skin, utenis, stomach 
and duodenum, or liver and gall bladder has remained approximately the 
same.'’ ’ Thus it was reported by Jeuther and associates’ that in a series of 
35,819 autopsy reports collected in various hospitals in Prague, bronohiogenic 
carcinoma constituted only 1.3 per cent of all the carcinomas encountered at 
post-mortem examination in 1894, and rose to 12.7 per cent in 1943. Although 
various theories ns to the reason for such an increase have been advanced, no 
conclusive evidence has been produced to incriminate any one environmental 
factor other than e.xposure to radioactive ores.* As long as the direct agent 
remains obscure, only early diagnosis and early treatment can serve to cheek 
the mortality from this disease. 

Much has been UTitten about the nonspecifieity of symptoms, the non- 
revealing findings on iihysical e.xamination, and the deceptive radiologic find¬ 
ings which frequently accompany the early lesions, particularly the early 
peripheral lesions. As a result, many bronchiogenic carcinomas remain undiag¬ 
nosed until too far advanced for surgical inten'cntion. Overholt* pointed out 
that in a series of 165 patients -ivith lung cancer, 63 per cent were misdiagnosed 
at initial examination, and were treated for long periods of time for tubercu¬ 
losis, unresolved pneumonia, lung abscess, bronchitis, etc. An average of nine 
months elapsed from the time the first symptoms were noted until the diagnosis 
of carcinoma was definitely established, the phy.sicinn having been responsible 
for five months of the delay. With the average survival from the first symp¬ 
toms in untreated cases only 10 to 14.6 months,' it is obvious that earlier recog¬ 
nition is imperative. Bronchoscopy has certainly contributed a great deal in 
this respect since it has made possible tissue diagnosis in CO to 70 per cent of 
the cases.*'' Churchill admitted, however, that these figures are based on 
series hearily laden with advanced and inoperable lesions. Bjork,* who has 
broken dorni his statistics into more detailed categories, revealed tliat in cen¬ 
trally located tumors the br'onchoscopic biopsy' was positive in 86 per cent of 

From tho Department ot Surcery. Wnatitaelon Unlvenjlty School of MeClclne. ana 
Bamea Hoepital. 

Supported by Qrant-in-AId from United Statoa Public Health Serylce. 
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the eases, in intermedially located tumoi-s only 30 per cent, while in peripherally 
located tumors no positive biopsies were available. These statistics indicate 
that further diagnostic procedures, which Avould more consistently reveal tumor 
regardless of its location in the tracheobronchial tree, would serve as valuable 
adjuncts in the diagnosis of this disease. 

The microscopic examination of sputa and bronchial aspirations has be¬ 
come recognized as a constructive adjunct to diagnosis. It has been demon¬ 
strated that carcinoma cells can be identified in smears of expectorated or 
aspirated bronchial secretions by virtue of the exfoliation of these cells into 
the lumen of the bronchi (Figs. 1, 2, 3, and 4). The classic report on this work 
is that of 'Wanda 11,® who was able to recognize malignant cells in the sputa in 
84 per cent of his eases of bronchiogenic carcinoma. In our experience with 
the cytologic diagnosis of lung lesions, we were able to make some further ob¬ 
servations pertaining to the use and abuse of this method. We have thoroughly 
reAdewed the literature and studied smears from a series of 270 patients Avho 
were admitted to Chest Service and General Medicine Service of Barnes Hos¬ 
pital for diagnosis and treatment of lung disease. Included in our group are 
100 cases of bronchiogenic cai'cinoma, 5 metastatic lung tumors. 2 recurrent 
bronchiogenic carcinomas, 4 adenocarcinomas, grade 1 (so-called bronchial 
adenoma), and 159 benign lung lesions, 

.AIATERIALS AND IIETHODS 

AVe began our studj^ by organizing the work so that Ave could demonstrate 
•the practicability of routine cytologic examination on patients admitted to the 
lospital for diagnosis of lung disease. We requested that fresh, early morn- 
mg sputum specimens—not night cups or 24-hour collections such as are used 
for acid-fast studies—be sent to our laboratory on three consecutiAm mornings 
plus any available bronchial secretions aspirated at bronchoscopy. AVhenever 
cells suggesthm of but not absolutely consistent AAdth the criteria of malignancy 
A\mre found, a special request for additional material AAms made. Naturally it 
Avas not always possilile to obtain the desired number of specimens. Four slides 
Avere prepared from each specimen. These Avere fixed in a solution of equal 
parts of ether and 95 per cent alcohol as soon as the material had been smeared 
and the film on the slide Avas still Avet. After one hour of fixation these were 
stained according to the modified Papanicolaou procedure described by Gates 
and Warren.® This stain was preferred to the regular hematoxylin and eosin 
since the relative transparency of the cjdoplasm alloAA's greater clarity of detail 
and the polychrome tinctorial qualities are more restful on the eyes during the 
long periods of time required for interpretation of the slides. The slides were 
then screened, a procedure Avhich usually took 15 minutes per slide for the nega¬ 
tive cases, often much longer for borderline cases. Only three interpretive cate¬ 
gories Avere used; positive, negative, and suspicious; an intense effort was made 
to eliminate the latter category AAdenever possible, hlany of the suspicious and 
all of the positive cases A\"ere revicAved by Dr. Ackerman before a report was made 
to the clinician. 
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RESULTS 

Our results in general do not compare too favorably with some of the 
enthusiastic data published by other investigators, perhaps by virtue of our 
extreme conservatism in making positive reports (Table I). Only when a sub¬ 
stantial number of cells adhering strictly to the established criteria was seen 
was a positive report made. 


Table I. Accuracy of the Method Reported by Other Investigators 


AUTHOR 

NO. OP CASES 

1 IN SERIES 

Ino. of cases! 

I BRONCH. CA. 1 

1 CYT. 

POS. 

1 FALSE NEG. 

1 FALSE POS. 

I (NO.) 

I (NO.) 1 

(%) 

1 (NO.) 1 

(%) 1 

Wandalls 

193 

100 

84 

84 

16 

16 

6 

Herbnt and Clerfio 

? 

57 

47 

82.4 

10 

17.6 

? 

McKay and associates!! 

170 

54 

40 

74 

14 

26 

3 

FaTber!2 

500 

71 

57 

80 

14 

20 

? 


Of the 270 cases studied at Barnes Hospital, 100 showed primary bronchio- 
genie carcinoma. In 81 instances the clinical diagnosis was histologically con¬ 
firmed by the following means; 


Pneumonectomy 

25 

Exploratory thoracotomy 

33 

Bronehoscopic biopsy alone 

12 

Aspiration biopsy 

4 

Necropsy 

2 

Lymph node biopsy 

5 


81 


In the remaining 19 eases a clinical diagnosis of bronchiogenic carcinoma was 
made on the basis of symptoms, physical and x-raj^ findings, and distant 
metastases in one case to the ubia, and in another to the brain. From the 100 
primary carcinomas, positive smears were obtained in 61 cases, suspicious in 8 
cases, and negative findings were reported in 31 (see Table H). A positive 
bronehoscopic biopsy was obtained in only 38 per cent of the cases. Smeai- 
and biopsy were positive simultaneously in 25 instances, smear was positive 
alone in 36, while biopsy was positive alone in 13 cases. Thus when both 
methods were used to complement each other a correct preoperative micro¬ 
scopic diagnosis was made in 74 per cent of the cases. This finding is almost 
identical to that reported by Liebow and associates” whose positive preopera¬ 
tive microscopic diagnoses increased from the 38 per cent available from 
bronehoscopic biopsies alone to 76 per cent by use of the smear. 


Table n. Cytologic Report of Barnes Hospital Cases 


confirmed BA' 


Total 


TOTAIi 


positive 


Pneumonectomy 

25 

16 

Thoracotomy 

33 

20 

Bronehoscopic biopsy 

12 

7 

Aspiration biopsy 

4 

2 

Necropsy 

2 

1 

Biopsy of nodes 

5 

9 

Clinically positive _ 

19 

13 


61 


SUSPICIOUS 


0 

4 

0 

0 

1 

1 

9 


NEGATIVE 


y 

9 

5 

o 

0 

9 

4 


.11 


100 
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DISCUSSION 

One of our first concerns in the study of the cjiDlogie method was wliethor 
sputa or lironchinl secretions were more satisfactory for tlie purpose of making 
and interpreting the slides. Ilerbut and CIcrf,*” as well ns JIcKa}- and asso¬ 
ciates,“ reported that better results were obtained by use of broncbial aspira¬ 
tions collected at bronchoscopy than by expectorate, because these secretions 
were less dilute and devoid of cells from the mouth or phnrjTix which might 
cause confusion. Thcoreticnlly the nspimted secretions should be more likely to 
contain tumor cells since tlie material is taken directly from the area of the neo¬ 
plasm, while sputum is an accumulation of secretions from many areas. Com¬ 
paring the relative merits of sputa and bronchial secretions, Liebow and asso¬ 
ciates’* found that Avith only one sputum specimen or one sample of bronchial 
secretion the latter were positive in 30 per cent of the cases bnt sputa ivere 
positive in only 15 per cent. They admitted, however, that the incidence of 
false positives Avas also tAvicc as great, possibly explained on the basis that in 
smears of bronchial aspirations the ciliated columnar cells are often clumped 
into such dense groups that the cilia are obscured, the nuclei appear hyper- 
chromatic and because they arc active shoAV tendencies toAVDiAl more coarsely 
granular, almost clumped, rather than finely grannlar chromatin. This makes 
the interpretation of the smears difficult, at times cA'en hazardous. 

With regard to the ineparatiou of the 8lide,s, Ave find sputum definitely 
easier to handle. It is not only more convenient to obtain the initial specimen 
but repeat specimens are more readily available. It does not seem justified 
to subject the patient to several bronchoscopies ju.st to obtain bronchial u-ash- 
ings. Although it has been stated that patients with early lesions do not have 
a productive cough, Ave have been able to isolate malignant cells from scanty 
specimens AA'hich qualitatively appeared to consist mainly of saliva. On the 
other hand the bronchial Avashing from these same cases is usually clear saline 
Avhich on centrifugation deposits only a thin film at the bottom of the test tube 
inadequate for the preparation of slides. The fact that sputum alone can be 
perfectly satisfactory is eAudenced by the remarkable success of Wandall* in 
demonstrating tumor cells in 84 per cent of his cases. 

THE OPERAnUE CASES 

In checking the literature we found AVandall’ to be the only one Avho con¬ 
cerned himself Avith determining Avhether cytologic examination is more suc¬ 
cessful in operable or inoperable cases. He reported that neoplastic cells were 
seen in operable cases (83.3 per cent) almost equally as frequently ns they 
were found in inoperable cases (83.9 per cent). In our series greater success 
Avas achieved by studying the material from operable eases. In the group of 
25 patients who had pneumonectomy a positive cytologic diagnosis avob made 
in 16 (64 per cent), Avhile it was possible in only 45 (60 per cent) of the in¬ 
operable cases. The figures speak Avell for the method as an adjunct in the 
diagnosis of early bronchiogenie carcinomas, especially when bronchoscopic 
biopsy Avas positive in only 9 (36 per cent) of the resectable cases (Table HI). 
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The fact that such a small number of cases produced positive biopsies may be 
explained on the basis that 16 lesions were located in the upper lobe and con¬ 
sequently lay beyond the reach of the bronchoscope. 


Table III. Cytologic axd Bronchoscopic Findings in Twenty-Five PNEUiiONECTOUiES 




[ BRONCHIAL FINDINGS | 

1 bronchial biopsy j 

1 CYTOLOGY 

LOCATION OF 


TUMOR 

IND. 


NO 




i 


TUJIOR 


VIS. 

EVID. 


BRONCH. 




POS. 

NEG. 

Upper lobe 

(16) 

3 

4 

7 

2 

4 

4 


11 

5 

Middle or Lower 

( 

6 

2 


1 

5 

3 

1 

0 

4 

Total 

(25) 

9 

6 

7 

3 

9 

7 

9 

16 

9 



Fig. 6. Fig. c. 

Fig. 5 (Patient C. H.).—Roentgenogram showing mass in left upper lobe with cen¬ 
tral cavitation. 

Fig. 6.—Malignant cell representative of those found in the sputum (X2400). 

Since only nine positive biopsies Avere obtained, frozen section tvas resorted 
to eight times. In two cases it confirmed the positive cytologic diagnosis; in 
one case it confirmed the bronchoscopic biopsy; in one ease it confirmed both 
smear and bronchoscopic biopsy; in four cases it Avas the only histologically 
positive diagnosis. Pulmonary resection was carried out in four eases on 
cytologic diagnosis alone and in ad of these tumor Avas found to be present. 
TAsm of these four eases are of particular interest and are abstracted briefly 
beloAV: 

_ Q, H. (Record No. 161727), a 40-year-old white man, stated that eleven days 

before entry in July, 1948, he had a routine chest roentgenogram which was said to reveal 
a shadow in the left upper lobe. The patient denied all symptoms save a mild cough which 
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hnd Ixicome vromc tlirce weeks prior to entry. Physical and laboratory examinations wore 
easontinlly negative. Bronchoscopy rovenlod no abnormalities In the areas vlsualired and 
no biopsy was taken. Cytolofflc examination of sputa wns positive for malignant colls. 
Pnoumonoctomy without frosen section wns carried out. Examination of the gross speci¬ 
men, revealed a 5- to 0-cra. tumor mass in the left upper lol>e which was Identified micro¬ 
scopically as epidermoid carcinoma, grade 2. Twonty-ono regional lymph nodes were free 
from tumor (Figs, .'i, 0, 7, and S). 

Case 2.—N. P. (Record No. 100787), a 75-yoar'old white woman, entered the hospital 
in December, 1048, with a history of left chest pain associated in onset with an upper 
respiratory tmet infection of six months’ duration. Ghost roentgenogram by pri\Tito physi¬ 
cian showed a shadow in the left upper lobe. Physicial examination was negative. Bron¬ 
choscopy showed slight restriction of the left mainstem bronchus in its lateral motion. 



Tig. 7. Flff. 8. 

Plff. 7.—Oroes specimen. 

Fij 5 . 8.-—PhotomJcrofrraph of tumor cells ns seen In tissue section. 


Gj*tologic examination of sputtun was positive for malignant cells. Pneumonectomy without 
frozen section was carried out. Grossly there was a fleshy, firm, pale yellow lesion approxi¬ 
mately 0 to 7 cm. In greatest diameter occupying the major portion of the apical segment 
of the upper lobe, ilicroscopicnlly the tnnior wns composed of lymphocj'tio cells larger than 
ordinary lymphocytes, probably representing lymphoblasts- Tbis lesion wns thought to l)C 
a prlmarj' lymphosarcoma of the loft upper lobe. Eleven regional lymph nodes showed no 
evidence of tumor (Figs. {», 10, 11, and 12). 

THE INOPERABLE GROUP 

The inoperable group showed a picture somewhat different from that of 
the resectable group. Cytologic diagnosis was positive in only 46 (GO per cent) 
of the 75 eases, and an additional 8 were reported as suspicious. ^VhiIe the 
percentage of accurate cytologic diagnoses dropped, the incidence of positive 
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broiiclioseopie biopsies rose to 40 per cent. This difference was undoubtedly 
due to the. fact that in the nonreseetable cases larger tumors involving areas 
more accessible to the bronchoscope were encountered. These tumors tend to 
be more necrotic often causing the patient to cough up mucopurulent material 
in which it is 'surtually impossible to detect well-preserved, recognizable tumor 
cells. This group is apparently responsible for a significant portion of those 
eases in which the smear is reported negative although the patient is subse¬ 
quently found to harbor a malignant neoplasm of the lung. 



Pig. 9 (Patient N. P.).—Roentgenogram showing left upper lobe Infiltration. 

UlIITATIONS 

Certain limitations inherent in the method must be recognized. A diag¬ 
nostic test of this sort can, for instance, provide no information regarding 
either the exact location or origin of the tumor. Thus it was tlie experience of 
Woollier and McDonald^'* that in four cases in which a positive sputum had 
been reported, the carcinoma was demonstrated to be in the larynx, trachea or 
esophagus rather than in the lung. 

Some investigators report being able to recognize the type of neoplasm 
by study of the exfoliated cells. Herbut and Clerf,” Woolner and McDonald,^® 
the workers at Vincent Memorial Hospital,^'' and Farber and associates^ have 
correlated (1) large, atypical single cells which adhere to the criteria of malig¬ 
nancy and show a h 5 qierkeratinized cytoplasm ivith squamous-cell carcinoma, 
(2) small, rather uniform, hyperchromatic, anaplastic cells with oat-cell car¬ 
cinoma, and (3) malignant cells whose cytoplasm contains large vacuoles with 
adenocarcinoma. These correlations ai-e based on the finding of such cell forms 
in contact smears made directly from the tumor. It is our opinion that although 
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mich a correlation is possible in eontnct smears, it docs not hold true for ex¬ 
foliated colls in the sputum since these are subject to degenerative changes. 
Although it has been our exi)erience that the single hyperkeratinized cell occurs 
exclusively in epidermoid carcinoma, we have found that cells with large 
vacuoles arc not specifically from adenocarcinoma nor do the small anaplastic 
cells represent only oat-cell carcinoma.. Pig. 13, for instance, shows a group of 
vacuolated cells which we obtained from an epidermoid carcinoma, the vacuo¬ 
lization apparently being degenerative change. It was interesting to note in 
this case that all the .slides showed only clusters of this tj^e. Fig. 14 shows 
small anaplastic cells found in a lymphosarcoma rather than oat-cell carcinoma. 



FIff. JO.—Oro«» ■pecimen. 


In view of these findings, we prefer not to attempt to recognize from exfoliated 
cells the type of neoplasm present but report only the presence or absence of 
mabgnant cells. 

False Negatives .—The so-caUed false negative incidence—a series of nega¬ 
tive smears from a patient with tumor—seems unavoidable. This incidence 
has been reported to be ns low as 16 per cent* and as high ns 57.2 per cent,’* 
though generally it lies between 25 and 35 per cent. Its existence can be based 
on three factors: first, inadequate specimens; second, failuro to transfer the 
tumor cells from the specimen to the slides; third, failure to identify tumor cells 
present in the smear. In our study we failed to demonstrate mabgnant cells in 
31 patients ■'vith known bronchiogenie carcinoma. Quite a few of these can be 
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attributed to the preceding reasons; for instance, -we received many night cups 
containing a 6 to 8 hour collection of expectorate which as a rule contained in 
addition to mucoid secretions and saliva, foreign substances such as bits of 
Kleenex, cigarette butts and cigarette ashes, particles of food, and Lipiodol from 
bronchography done earlier that morning. It was impossible to select sus¬ 
picious areas in many cases. Vast gi‘pAvths of bacteria also accumulated in 
material left standing in warm temperatures causing marked degeneration of 
the cells. 

Ob^'iously little can be done to increase the number of in.stances in which 
particles of tumor are transferred from the sputum specimen to the slide. 
Even when suspicious, blood-streaked areas are smeared, they may or may not 
contain malignant cells. The job of isolating tumor cells can be facilitated by 
the collection of sputum after a deep cough and having the patient expectorate 
only once rather than allowing a collection of material. This is particularly 
applicable Avhen the patient has a cough highly productive of mucopi'.rulent 
material. 

We feel that the number of false negatives can be reduced not only by 
the cooperation of the Nursing Service and bronchoscopists in supplying ade¬ 
quate fresh specimens, but also by the study of more than one specimen per 
case if the initial specimen is negative. Of the 61 cases in which a positive 
cytologic diagnosis was made, positive smears were obtained from the first 
specimen in only 32 instances; in 21 eases a second specimen was required be¬ 
fore a positive report could be made, and it was necessary to study even a 
larger number of specimens in 8 other cases. In the false negative group of 31 
eases, only one specimen was received for study in 8 cases and two consecutive 
specimens in 10. Thus in over one-half of this group we failed to receive the 
three specimens we feel are necessary for greatest possible accuracy. 

The possibility that the examiner may overlook malignant cells on a slide 
exists, of course. Although careful screening of the slides con reduce the num- 
lier of cases in which malignant cells are missed, there 'will always be cases in 
which even the most thorough examiner Avill overlook neoplastic cells. The 
margin of error is undoubtedly due to the extreme conservatism necessary in 
making positive reports. In our laboratory n positive diagnosis is made only 
on cells entirely compatible -with the criteria established for the recognition of 
tumor cells. It may well be that cells which appear atypical but which do not 
expressly adhere to these criteria are passed over by the examiner. At one 
])oint in our study, after we had made an unusually large number of false nega¬ 
tive i-eports we allowed ourselves to be more lax with the result that two false 
positive diagnoses were made. We noAv adhere strictly to our former con¬ 
servatism. 

False Positive .—This source of error can be greatly reduced as the ex¬ 
aminer gains experience in the interpretetion of smeai’s, though there is some 
question in our minds Avhether or not it can be eliminated altogether. Certain 
lesions of an inflammatory nature such as tuberculosis, bronchiectasis, lipoid 
pneumonia, lung abscess, or chronic bronchitis seem to produce cell changes 
which morphologically mimic the characteristics ascribed to carcinoma. The 
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Fiff. IL Fig. 12. 

Fig. 11.—CclU repnMKmtatlvo oC •oon In sputum ami reported mAlIfnant (X400). 

Fig. 12.—Photonjlcrograpli of tumor cell# oa acen In tla*.uc section (X^00). 
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Fig. 16. 


Pig-. 16. 



Fig. 17. Fig. IS. 

Fig. 15.—JIalignant appearing cell from a caae of chroijlc bronchitis (X600). 

Fig. 16.—A group of such cells from the same specimen as Fig. IB (X280). 

Fig. 17._A cluster of cells with multiple nucleoli and clumped chromatin from a case 

of lung abscess (X400). 

Fig. 18.—Atj'plcal, deceptive cells from a case of tuberculosis (X600). 
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recognition that these mislending cells occur is corroborated bj' other investi¬ 
gators who also nindo false positive diagnoses on finding such cells in expec¬ 
torate or bronchial aspirations (Table IV). Of our four false positives, two 
were made in cases of tuberculosis, one in a case of lipoid pneumonia with 
associated l)ronchicctasiH, and the fourth remained iindingnosed CA'en after 
explorator}’ thoracotomy. On review of these four cases wo feel that mistakes 
in the identification of siispicious cells, illustrated i)y Figs. 15, 16, 17, and 18, 
were made in three iuslnuces, but that in the fourth case, a true false positive 
was encountered. BoenuBC this last case was particularly instructive, it ^\ill he 
abstracted below. 



Fltf. 19 (Patient W. B.).—Che#t roentfr^ooffram ■bowing absent right upper lobo and inflltratlon 

of the lower lobo. 

Cask 3.—^W. B. (Record No. 133308), a 37-year-old wliite man, vrofl Ar^t admitted to 
Barnes Hospitol in itttrch, 1947, at which ttrao n diagnosis of broachicetasis and broncho¬ 
stenosis of the right upper and right middle lobe, cause undetermined, .was made. The pa¬ 
tient Improved markedly following bronchoscopy and was discharged. Four months later, 
the patient complaining of acute lUneas charncterized by severe cough, high fever, and 
hemoptysis, was readmitted. Bronchoscopy revealed the bronchi of the upper and middle 
lobes to be almost completely occluded by a dilTase inflammatorj' reaction with much edema. 
A right upi>er lobectomy was carried out one month later. Pathologic diagnosis: bron¬ 
chiectasis and bronchial lithiosla. On the next admission in August, 1947, a diagnosis of 
pulmonary tuberculosis was made. In September, 1047, the next admission, the diagnosis 
was fompyema, Pang abscess, bronchollthlnsis, and pulmonarj' tnberculosis, right. In 
August, 1948, the patient was again admitted for recurrence of B}TnptoroB. Oliest x-ray 
examination revealed a pulmonary inAltrmtion of the remaining portion of the right lung 
thought possibly to be tuberculosis. Bronchoscopy revealed.nothing unusual in the areas 
visuallred. Remew of the slides by the present pathologist showed no tuberculosis. In 
view of the patient’s respirator}' distress, a right middle and lower lobectomy was done. 
Pathologic diagnosis: lipoid pneumonia with associated bronchiectasis. Althaigh many 
sections were made, no tumor could be found (Pigs. 19, 20, 21, and 22). 





20 


THE JOURN^VL OP THORACIC SURGERY 


The cells seen in this ease displayed rather obviously the criteria of malig¬ 
nancy. "We certainly would be inclined to make a positive diagnosis should we 
encounter cells of this appearance again. Cases such as this make it apparent 
that occasional false positives are unavoidable and must be considered an in¬ 
herent limitation of the cytologic method of diagnosis. 



Pig. 20.—Gross specimen of the lower lobe demonstrating circumscribed area of lipoid pneu¬ 
monia. 


Table IA'". Conditions in Which False Positives Were Obtained 



NO. CASES 

NO. OF 

NO. FALSE 

DISEASES IN WHICH FALSE 

AUTHOR 

IN SERIE.S 

cancers 

Posint'ES 

POSITIVES OCCURRED 


AVandalls 

193 

100 

7 

Benign bronchial groivth; chronic 
pneumonia; pulmonary' tubercu¬ 
losis 

McKay and co-wortersn 

170 

54 

3 

Pulmonary tuberculosis; bronchial 
polyp 

Liebow and co-workersi3 

131 

63 

3 

Bronchiectasis 

Woolner and McDonaldio 

588 

147 

4 

Chronic pneumonitis in one case; 
others are not given in the report 

Watson and co-workers^o 

400 

236 

4 

Bronchiectasis 

Our series 

270 

100 

4 

Lipoid pneumonia; pulmonary tu¬ 
berculosis; bronchiectasis 


INDICATIONS FOR USE OF THE JIETHOD 

We have come to recognize that the cytologic examination of expectorate 
does, not lend itself for screening large portions of population. The time and 
cost involved in such an undertaking tvould be prohibitive, for it takes nearly 
an hour to interpret four negative slides and the minimum cost per specimen 
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Is between nncl $5.00. A further drawback in the use of this method for 

Bcrecning is the i*clntively high false negative incidence. A single negative 
speciiiicu means notliing in respect to the pre.scneo or ab.senee of bronchiogeiiic 
carcinoma in a given ]>aticnl and the yield of positives would be extremely 
small. Tlie collection of fresh, adequate nmtorinl presents another problem, 
since normal, healthy individuals do not have secretions in their bronchi which 
enn be conglicd up. 



FIb^ 21. Flp. 22. 

Fig. 21.—Cluster of cclla Interpreted to reprcflent nmllpnont cells. Several such clusters 
Nvero seen in the sputum 1X1.080). 

Fig. 22.—Tissue section showlnp snuamous motnplasla which possibly represents the 
source of the nt>'plcal cells found In the sputum (X^OO). 

There nre cases, liowcver, in which the cytologic niethotl can he most use¬ 
ful, especially is it valuable as an adjunct iu the diagnosis of the disease in 
patients with minimal symptoms, indeterminate physical and x-ray findings 
and on whom other prooperativc histologic evidence is nnnvnilnble. In onr 
study the method proved its worth in the 18 eases with negative bronchoscopy 
in which the positive smear was the only hiatologic evidence of malignant pul- 
mnnni'j' neoidnsm Ijeforc thoracotomy. 

COKCUnSIOKS 

1. In view of the very deceptive and minimal signs and symptoms of early 
bronchiogenic carcinoma and the low yield of positive hronchoscopic biopsie.s, 
additional adjuncts in diagnosis arc imperative. The cytologic diagnosis is 
diaens-sed as serving such a purpose. 
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2. Our report is based on the study of expectorate and bronchial aspira¬ 
tions from 270 patients admitted to the hospital for diagnosis and treatment of 
lung disease. Included in this group are 100 cases of bronchiogenic car¬ 
cinoma from which positive smears were available in 61 per cent. A higher 
degree of accuracy was obtained in the operable cases; nearly two-thirds of 
the resectable cases gave positive cytologic evidence of the presence of car¬ 
cinoma. It became apparent that the early lesions commonly had a low per¬ 
centage of positive hronehoseopic biopsies but tended to yield a larger number 
of cytologic diagnoses. 

3. We found that sputum studies were more reliable than bronchial aspira¬ 
tions and afforded us the chance of studying more than one specimen per case. 

4. Cei'tain limitations inherent in the method were recognized. Most 
prominent of these was the incidence of false negatives and false positives. 

5. A false negative incidence of 31 per cent occurred in our series, but re¬ 
duction of the number of false negative reports may be achieved in the following 
ways; 

a. Only fresh sputum adequate but not copious in quantity should 
be used for study. Expectorate collected over a period of hours does 
not constitute a satisfactory specimen. 

h. Painstaking care must be exercised in selecting whitish areas 
or blood flecks from the specimen for preparation of the slides. 

c. The study of at least three consecutive specimens per case is 
required for greatest, accuracy. 

6. If adequate specimens are obtained, the number of correct positive re¬ 
ports could be raised to 75 or 80 per cent for all cases, and for the resectable 
cases it could be raised to 85 per cent. 

7. Four false positives are reported. On review of the slides, we feel that 
mistakes in interpretation of suspicious cells were made in three instances. In 
the fourth, cells were seen which even after long experience could stiU be mis¬ 
taken for carcinoma. 

8. The identification of the type of tumor from exfoliated cells is not re¬ 
liable. 

9. In oui- opinion this method of diagnosis should be restricted to cases 
■with signs and symptoms of tumor but Avithout an available positrie histologic 
diagnosis. It is not practical as a screening procedure since too much time and 
expense are involved. The cytologic diagnosis added to clinical and x-ray 
evidence in the absence of a positive biopsy may he sufficient to sway the 
balance toAvard pneumonectomy. We feel that certain cell patterns are prac¬ 
tically diagnostic, but that frozen section should be done at thoracotomy when 
bronchoscopic biopsy is negative even if the cytologic diagnosis has been posi¬ 
tive in order to reduce eiTor to practically zero. 
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EOSINOPHILIC GEANULOIilA OP RIB 

With a Case Report 

Harold A. Kipp, M.D., and Edwin R. Fisher, M.D., Pittsburgh, Pa. 

INTRODUCTION 

E osinophilic granuloma of bone is an uncommon lesion affecting more 
commonly the membranous bones, either in monostotic or polystotie fonn. 
Those with involvement of the rib may be seen by the thoracic surgeon. It must 
therefore be considered in the differential diagnosis of lesions of the ribs. The 
purpose of this paper is to brieflj^ review the salient features of the malady and 
to report a ease studied and treated by the Depailment of Thoracic Surgery 
at the Mercy Hospital. 

The most complete early historical description of such bone lesions was by 
Fraser’- in 1935. He ascribed the name lipoid granulomatosis of bone to this 
condition. Later, Lichtenstein and Jaffe" reported on cases of solitaiy bone 
lesions which pui'sue a benign clinical coui-se. Their cases resembled histolog¬ 
ically those lesions described by Fraser. They presented the clinical features 
of the disease which they called eosinophilic granuloma of bone. These investi¬ 
gators offered no definite etiological explanation for the condition. It was not 
until the studies of Parber^ that the resemblance of the lesions of eosinophilic 
granuloma of bone to the essential lesions of Schiiller-Christian disease -was 
suggested. Thannhauser"* asserted that this malady did not merit consideration 
as a specific entity. Jaffe and Lichtenstein take the contraiy position that 
eosinophilic granuloma of bone definitely diffei-s from Schiiller-Christian’s 
disease from a clinical, therapeutic, and prognostic standpoint. Although there 
remains much to be learned concerning the relationship between this condition 
and the diseases of lipoid metabolism and the reticuloendothelial system, the 
majority of opinion suggests that eosinophillic granuloma of bone is a monosjunp- 
tomatic form of Schiiller-Christian’s disease. Cases have been reported showing 
various gradations of relationship between the two diseases.'’’ ® 

Clinical Picture .—Eosinophilic granuloma is seen most frequently in chil¬ 
dren and young adults, being extremely rare after the age of 25 years. Men 
appear to be afflicted more commonly than women.' There has been no demon¬ 
stration of a .heredito-familial tendency in the disease. The symptomatologj’ 
varies, but outstanding in the historj’ is the quite sudden onset of swelling, pain, 
and tenderness over the affected area. Although trauma is believed not to be an 
etiological factor, trivial trauma, inducing a pathologic fracture in the region 
of the lesion® has been reported in some patients, preceding the clinical appear¬ 
ance of the granidoma. A mild febrile reaction may accompany the onset of the 
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disenRc. Other general symptomntologj’ is lacking, and in the monostotic form 
visccml involvement is nl)scnt. The clinical course is benign and the prognosis 
good. Simple curettage or mild x-my therapy have l>oth eifectctl cures. Spon¬ 
taneous healing of lesions has been reported.* 

Lohoraiorij Findwgs .—Examination of the pcriphei-nl blood usually reveals 
a noml blood picture; a slight degree of cosinophilia may l>c present. Serum 
calcium, phosphorus, and alkaline phosphnlnse determinations are within normal 
limits. These ])ationts are normochole.slcrolemic although the total blood fat has 
l>een reported to be elevated.^ 

Despite the dcseri])liou of a chnnictcristic x-my ni)pcamncc, namely, a 
round or oval ostcoh'tic lesion originating in the medullar}* cavity wnth a punelie<l 
out oj)pearonce, nevertheless, the lesion rocntgcnogmpliically may simulate 
Ewing’s samoma of bone, myeloma of bone, reticulum cell sarcoma of bone, 
Brodie. 8 alisccss, metastatic carcinoma, and simple bone c}'st. If the lesion is 
seen early in the course of the disease, a mi)id increase in the amount of involve¬ 
ment of the bone may l>c ol)servcd in serial x-ray examinations. Because of the 
resemblance of this lesion to the many other lesions of bone, the preopemtive 
diagnosis is excec<lingly difficult. It U obvious that the final diagnosis depends 
upon liistologic examination. 


CASK REPORT 

HUtory.-^Tt. C., « woman, wna nOmiUed lo iforcy HO(*idtal vrith tlie 

complaint “n pninfal lamp on the loft sltlo of my clic«t.’' Tlila pnln lind a Budden ODBct 
three weeks prior to admUBlon, when the ehwt was rtmpped by the family doctor who diag- 
noeod a ^trained muecle. 'Wlicn tho strapping mis reniovoil in a few dn}*8, n hard, tender 
tumor was noticeil on tlie nlntli rib in midaxJlIaiy line. TIjIb sweUIng nipldly increased in 
slie. Tliero wore no ejutemic complaints, and the patient n-ns otherwipo in good heialth. Tlio 
past medical Iilstor}’ was negative, except for nn uncom[ilicnted appendectomy In 1040. Tho 
patient required glosses because of being far sighted. Tlicro were four siblings, two of 
which suffered from seasonal polllnosls, Othen^‘iBe all arc in good lienlth. Tliere was no 
familial history of similar bono lesions. 

Physiecl Examination .—Physical examination ro\*enled a 'well-developed, well-nourished, 
22-ycar-ol(l, white woman, who did not appear sick. Tlicro wn.^ a firm, flxwl mass over the 
ninth rib in the left anterior axillar}'- line. The moss about tho siic of a plum and ex¬ 
quisitely tender. No fluctuation of the mass could be determined and the overlying skin 
showed no discoloration or fixation to the bono. Examination of the other systems was 
negative. Tomporature 98.0* F.j pulse 70 per minute; blocxl pressure 120/80; respiration 
20 per minute. 

Laboratory FiTuJlngt .—Blood count showed 4,800,000 erythrocytes, 0,900 leucoejies. 
Differential leococ}'te count showerl segmented ncutrophiles 73 per cent; l}Tnphocytes 26 per 
cent; eoslnophilea 1 per cent; basophiles 3 per cent. No aljnormal cells were seen. 

Brine Imd speciflo gravity of 1.025; albumen ami sugar vrero absent; the urinary sedi¬ 
ment was not remarkahle. 

The serum calcium, phosphorus, alkaline phosphatase, and cholesterol were within normal 
limits. The blood area nitrogen was 8-4 rag. per cent. Wassormann and Kalin tests were 
negative. 

X-Eay Bepori .—Anteroposterior Bucky films of the thoracic cage and oblique films of 
the lower left ribs showed an oval punched out osteolytic lesion of tlie ninth left rib in the 
anterior axillary Ibe, which involved tlie outer cortex and medullar}' region of the rib (Fig. 
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1). The pleural side of the rib -was intact. Lateral and posteroanterior films of the skull 
showed no osteolytic lesions or other variations from the normal. No other bone lesion was 
evident in any of the other ribs, the clavicles, scapulae, or vertebrae. 

Clinical Course .—Preoperative diagnosis was uncertain. Ewing’s sarcoma of bone and 
eosinophilic granuloma of bone were considered as the most likely possibilities because of the 
age of the patient, the history of development of the lesion, and the laboratory and x-ray 
findings. The patient was operated upon on the third hospital day under local Novocain 1 
per cent, pentothal, nitrous oxide, oxygen sequence. Ten centimeters of the left ninth rib 
in the region of the anterior axillary line were resected with the periosteum, attached inter¬ 
costal muscles and a segment of the underlying pleura. Tlie adhesion of the parietal pleura 



Fig. 1,—Preoperative roentgenogram showing osteolytic lesion In left ninth rib. 

to the periosteum on the inner surface of the rib necessitated its resection and opening of the 
pleural cavity. The observed underlying pleura and lung were otherwise normal in appear¬ 
ance. The postoperative course was uneventful, except for a mUd asthmatic episode on the 
ninth postoperative day. An x-ray film of the cliest at this time wns negative. There was 
no evidence of increased perivascular or bronchial pulmonary markings. The patient was 
discharged from the hospital two weeks after admission, clinically cured. 

Pathologic Beport (Abstract).—The cortex of a resected portion of the ninth rib was 
elevated in a fusiform manner at its midextemal portion. A section through this portion 
showed expansion of the medullary cavity, which contained a soft grayish-yellow tumor. There 
was thinning of the overlying cortex (Fig. 2). A Wright’s stained smear of the marrow 
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contents showed many eosinophilcfl, a few large mononuclear phagocytes containing degen- 
omtwl forms of coslnoj)liiles in their cytoplasm, and the usual marrow cellular constituents. 
Examination of tlie hematoxylin and oosln stained pnmffln sections of the tumor showed 
dense collections of oosinophiles and a moderate number of scgmente<l neutrophllcs, A fmv 
largo mononuclear pliagocjles were present. These were not vacuolated; their cj'toplnsm 
contained debris of degenerating eosinophlles (Fig. 3). The pathological diagnosis -was 
eosinopliilic granuloma of rib. 



Pip. 2.—Grots specimen of rib showlnc eosinophilic granuloma with expansion and thinning 

of overlying corfwt. 



Fig, 8.—Microscopic section of of Small cells were almost all 
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Aspirated sternal marrow smears stained by Wriglit’s method were studied two months 
after operation. Five hundred cells were counted. Normal maturation and distribution were 
present. No hyperplasia of the eosinophilic granulocyte series was present. However, ex¬ 
amination of five other slides prepared at the same time revealed the presence of an occa¬ 
sional large mononuclear cell, the size of a megalokaryocj-te. Its cytoplasm was homogeneous, 
showing no evidence of lipoid storage, with an indented, moderately dense nucleus. Its larger 
size and the absence of a nucleolus removed tlte possibility of this cell being a stem ceU of 
the monocytic series. One similar sized multinucleated cell was seen (Fig. 4). Both types 
of these cells were identical with those seen in the original Wright stained smear of the 
marrow adjacent to the lesion in the rib. They are not normal constituents of bone marrow 
and are considered morphologicall}- compatible \vith the histiocj'tes seen in Letterer-Siwe’s 
disease and occasionally early in the Schiiller-Christian syndrome. 



Fig. 4.—Sternal marrow smear showing large multinucleated histiocyte. 


DISCUSSION 

Allliougli evidence of visceral involvement, characteristic of the Schiiller- 
Christian syndrome, is lacking in this case, nevertheless, the presence of large 
histioejUes seen in the sternal marrow raises the question of the relationship of 
this solitaiw lesion to the generalized disease of lipoid granulomatosis. The lack 
of available bone marrow studies in previously reported eases over a period of 
time following recognition oE the disease, makes it difficult to ascribe with any 
ceidainty tlie importance of such an observation. It may well represent a charac¬ 
teristic transition of an acute localized phase of a disease which, in its later stages, 
displays generalized cellular lipoid storage. 

CONCLUSIONS 

1. The history, clinical and laboratory findings of eosinophilic granuloma of 
bone are briefly renewed. 
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2. A tyj)ical case with monostotic rib iiivolvcmont is pitisontetl. 

3. The importance of wide surgical excision of tlie lesion, when accessible, 
^\^th histologic examination, because of the difficulty of clinical differentiation 
of this lesion from those of a malignant character, is advised. 
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CONGENITAL .ABSENCE OF THE PERICARDHIM 
A Case Report 

B. G. P. Shafiroff, M.D., New York, N. Y. 

T he first report of congenital deficiency of the pericardium was made by 
Realdus Columbus in 1559. Since then, Moore,^ in 1925, and Rusby and 
Selloi’s,^ in 1945, have collected a total of eighty cases described in the world’s 
medical literature. Anal3’’sis of the earty reports in this collective review has 
cast doubt on several cases which are believed to have been erroneously classified, 
their true nature being probabty that of adhesive pericarditis. Until recently 
this condition was discovered onty as an accidental finding on necropsj" examina¬ 
tion but lately surgeons have described pericardial defects as an operative find¬ 
ing and a method has been proposed for its clinical recognition.^- ■* It is interest¬ 
ing to note that in the Abbot monographs considerable space has been devoted to 
pericardial defects while Taussig makes no refence to this in her textbook on 
cardiovascular anomalies. 


ca.se report 

The present report deals with a case of congenital absence of the pericardium. Recog¬ 
nition of this anomaly was made in the anatomy laboratory during the course of other studies 
on the cardiovascular system. The subject was a 12-day-old infant who died of cerebral 
injury incurred at delivery and who during life gave no symptoms suggestive of cardiac 
or respiratory pathology. The results of the pertinent findings have been outlined in the 
following description. 

On examination of the thoracic cavity a complete absence of the pericardium was noted. 
The heart was globular in shape, maintained its normal mediastinal position, and occupied 
a common serous cavity with the left lung. Except for fixation by the inferior vena cava 
the distal part of the heart was perfectly free and unattached to the diaphragm. There were 
no cardiopulmonary adhesions. The heart was covered by epicardium but was completely 
devoid of pericardium except for a rudimentary fold which extended around its riglit border. 
This fold exhibited a free margin in which was contained the left phrenic nerve but was 
otherwise fibrous and avascular in character. The aorta, the primary pulmonary- vessels, and 
superior vena cava were also without a fibrous investing sheath of pericardium. The stemo- 
pericardiac ligaments were absent. 

The displacement of the left phrenic nerve from its normal anatomic course in the 
thorax was of great interest. The left phrenic nerve was dissected in the neck where the 
usual relationships to the anterior scalene muscle and the cervical plexus were observed. The 
nerve entered the thorax behind the left innominate vein, crossed in front of the arch of the 
aorta, and curved sharply to the right joining the rudimentary fold previously described. 
Its position thereafter was to the right of the midstemal line until it reached the diaphragm 
at the xiphoid level where it turned sharply to the left and entered the muscle. The nerve 
was unaccompanied by the pericardiophrenic branch of the internal mammary artery. The 
course of the right phrenic nerve was normal. 

From the Departments of Anatomy and Surgery, New York University, Bellevue Medical 
Center. 

Received for publication Slay 10, 1950. 
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Tho heart and its vrero studied nfier injection of tiie vascular systeni. The 

anatomic structure of the heart uas normal except for an unusual appearing left auricular 
appendage resembling a clovm's cap. Tho fibrous vestigial band of Marshall was present as 
a vrfdo band in the ropon of tho posterior aspect of the left auricle. Scvottil other tissue 
remnants found in the same area were considcretl to bo persistent remnants of tributaries of 
the obliterated cardinal venous system. Tim coronary sinus was more dllate<l than normal. 
The ductus arteriosus ^'ms ^valent but was in the process of closure. Tl>o other vessels ^ere 
nonunl. 

Abnommlities were sought for in other structures. Tlio left lung showed a normal 
nmingomont of loljcs and bronchopulmonary segments. TIic dinplimgm was well developed 
rvithont defects. Anomalies wore not fonnd In the itlslominul cavity. 





Flff. 1.—Photoffmph ilvowa heart devoid of pericardium. Clamps liaN*© been placed around the 
rudln>enur>- foUL llie heart U freely nwblle. 












i.. ' • '-y W : ■; 


I^s. 2.—Another vtirw •lion'tn* the rudimentary fold on the rlKht lido of heart In the 
marcin of the fold Is contained the leH phrenic nerve. 
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Fig. 3.—Shows the dissection of the left phrenic nerve which Is held up by black and 
white sutures In photograph. Dissection can be followed from the neck as It swings markedly 
to tlie right In thorax and then returns to the left to terminate In diaphragm. 



Fig. 4 .—Boentgenogram showing position of heart with the cardiovascular tree Injected. 
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The anatomic flndinRs in this case were of tlovelopmontnl sipniflenneo. Tito heart and 
loft lunp occupied n common envity cmbryologicnlly identifiable an the left pleuropericardial 
space. The anonmlous sitnntion of the left phrenic nerve was related to tlie failure in develop¬ 
ment of the pleuropericardial membrane. Its displacement to the right was duo to the dis¬ 
proportionate growth of the thoracic viscera. The concentration of rudimentary tlssne in the 
region of the auricle seemetl to implicate the cardinal venous system in the causation of the 
periennliat defect. 

The pntliogeiio.sis of pcricnrtlinl deficiency hns liecn variously interpreted. 
Keith eiaimed tlint tliis nnomaly was caused liy tiie too rapid growth of the lung 
bud resulting in an abnormal dilatation of the iter venosum following which 
the plcuroirericardial foramen remained patent.” Riscl opposed Keith’s view 
suggesting ns a cause atresia of tlie plcuropcricartlial membrane with faiiure to 
join the lung iwits.* JlcOarry believed that abnormal tension created by the 
rotation of the developing liver traumatized tlie pulmonary ridge from which 
the memlimnc developed.’ Penia and Plant jiroposerl a vascular atropliy theory 
based on tlie hypotbesis tliat premature atrophy of the left duct of Cuvier was 
causative of a deficicney to tlie blood supply to the pleuropericardial membrane. 
The latter theory has been generally accepted because it accounted best for the 
propondernnee of iicrieardial defects located on the left side.* 

The functional and physiologic importance of the pcricairlium always ap¬ 
pears to be disctUBcd with congenital deficiency of this structure. Several writers 
have claimed tliat the defective pericartlium was responsible for elongation and 
dilatation of the heart duo to tlic lack of pericardial support. Others have stated 
tliat this anomaly in itself was without significance, eases being cited in support 
of this view. All agreed that a heart occupying a common serous caWty with 
the lung is sulijectcd to the additive factor of resiiimtoo' disease. Nevertheless 
the pericardium hns hcen widely resected clinically and experimentally without 
creating serious complications. 


SUMMARY 

A case of eongenilal absence of the iioricardium hns been described. Its 
embryology', the theories of causation, and the significance of pericardial de¬ 
ficiency have been briefly discussed. 
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RESECTION VERSUS THORACOPLASTY IN THE TREAT]\IENT OF 
PULMONARY TUBERCULOSIS 

Arch J. Beatty, M.D., and William W. Buckingham, M.D., Kansas City, Mo., 
AND PouL Ottosen, M.D., MouNT Vernon, Mo. 

T he pui^pose of the paper is to analyze 93 consecutive resections done for 
pulmonarj’- tuberculosis at the Missouri State Sanatorium at Mount Vernon, 
Mo., from Jan. 20, 1940 until June 29, 1949. Seventy per cent of these patients 
have been followed from one to nine years. 

We have tried to set up certain indications for resection in pulmonary 
tuberculosis and to separate them from the indications used for thoracoplasty 
and other collapse procedures. We recognize that these indications are not 
always clearly defined liut we have carefully reviewed our cases and in our 
own mind those w'hich we -will present for resection versus thoracoplasty are 
definitive and clear cut. This paper presents our opinions and conclusions at 


the present time. 

The following resections were done: 

Left lung 28 

Right lung 21 

Right upper lobe 13 

Right upper and middle lobe combined 5 

Right middle and lower lobe combined 4 

Right lower lobe 1 

Left upper lobe 13 

Left loAver lobe 6 

Right middle lobe 1 

Right upper lobe and right lower lobe 

(apical segment only) combined 1 

Total resections: 93 


These 93 resections were done upon 93 patients. There were no multiple 
operations. There were 73 female and 20 male patients. The youngest patient 
was 9 years old and the oldest was 65 years old. The average age was 30.8 
years. Eighty-eight patients were white and 5 were colored. All patients had 
a positive sputum for acid-fast baciUi before surgery. 

Epidural anesthesia has been used at the Missouri State Sanatorium since 
Oct. 30,1945. In our opinion this tjTie of anesthesia has pla 5 ^ed a great part in 
lowering the incidence of postoperative spreads. 


irrnm thp Deoartment of Surgerj’. Missouri State Sanatorium, Mount Vernon, Mo., Charles 
A. Bralher m!d. SupeHntendent. wniilam WL Buckingham, M.D., Chief of Surgery. 

Received for publication June 21, 1950. 
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THE INDICATIONS POR RESECTION 

In tliis scries of 93 patients with jirovwl pulmonary tulicrculosis, there are 
eleven indications for I'osoction. IMo.st of the patients had more than one reason 
for resection and no attempt is made to pive just the primary' indication. Often, 
it is hard to state which indication has preference. Onr indications for resection 


are: 

J. Clinical tuhorcnlons hi-onchieetasis 73 

2. “Dead lungs” 36 

3. Thoracoplasty faiUii'C 22 

4. Oiant cas-itation 20 

5. Pneumothorax failure 13 

G. Bronchial stenosis 10 

7. Lower lohe disease with enntation 4 

8. Bronchopleuro-cutancous fistula 4 

9. Tuhoreuloma 2 

10. JlisecUanoous 2 

11. Plombage pack failure 1 


DBCUSSION OF THE INDICATIONS FOR RESECTION 

1. Clinical Tuhcrculoiin Bronchhetam .—There Ls still a great deal of con¬ 
troversy as to when tuberculous hrenchiectasis exists. There were 73 patients 
ivith tliis condition in the 93 resection cases. The elinical diagnosis, of course, 
is made by a Lipiodol bronchogrnm. 

In the majority of cases of pulmonary tuberculosis there is a simultaneous 
healing and destructive process. Either process may predominate. The healing 
process is characterized by fibrosis and contraction of the pulmonary parenchyma 
ivith a resulting widening deformity' of the major bronchi. This condition is 
what we understand ns broncliiectasis. The constant bathing of the bronchi with 
positive sputum for acid-fa.st bacilli will often cause endobronchial tuberculosis 
of these bronchi. Some nuthoiities consider this condition tuberculous bron¬ 
chiectasis. 

If the flow of positive sputum for acid-fast bacilli is checked by a cavity 
closure, cither spontaneously or by some form of collapse therapy, the endo¬ 
bronchial lesion may heal and Uie tuberculous bronehicctasis is converted to a 
nonspecific ty'pe of bronchiectasis. 

As pulmonary tuberculosis usually occurs in the upper lobes and the upper 
part of the lower lobes, drainage is usually adequate. Therefore, pulmonary 
resection is not usually indicated in upper lobe bronchiectasis if the sputum is 
negative for acid-fast bacilli. However, in many instances the endobronchial 
lesion will not heal after the cavity is closed and a positive sputum for acid-fast 
bacilli ivill remain ,pre-sent. In these cases pulmonary resection is the treatment 
of choice because the tuberculous bronchiectasis cannot bo expected to heal by 
any form of collapse therapy'. Thoracoplasty would only collapse the tittle 
remaining imrcnchymal tissue and would have no effect upon the dilated 
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bronchi. Thus, thoracoplasty would only increase the deformity and blockage 
of the already dilated and obstructed bronchi. Needless to say, streptomycin 
should always be tried to convert the sputum from positive to negative. 

From a pathologic standpoint tuberculous bronchiectasis is present only 
when there is coexisting bronchial stenosis and tuberculous infection distal to 
the stenosis udth resulting destruction of the muscular and elastic layers of the 
bronchial wall. There is tubercle formation in the submucosa which may or 
may not be accompanied by ulceration of the mucosa. Mucosal ulceration de¬ 
pends upon the degree of activity at the time the lesion is seen. This destruction 
causes weakening and dilatation and what we consider true tuberculous bron¬ 
chiectasis. Thus, this is a pathologic diagnosis and cannot be made with 
accuracy before surgery. The late continued dilatation and destruction may in 
some rare cases be kept progressive by secondary organisms and not be due 
primarily to the tubercle baedli. 

2. “Dead Lungs .”—^We had 36 patients Avhom we placed under this 
classification. Our definition of a “dead lung” is one in which the parenchyma 
has been completelj^ replaced by fibrosis, cavitation, and bronchiectasis. There 
usually is a retraction of the lung, mediastinum, and trachea to the affected 
side. The bronchiectasis is not easily recognized until Lipiodol studies have 
been done. 

This type of case is usually the end result of tuberculous bronchostenosis 
plus parenchymal disease, or a long-continued, ineffective pneumothorax which 
may or may not have been abandoned. Patients with this condition have a 
low vital capacity and are definitely poor operative risks. However, we feel 
that resection should be done, rather than thoracoplasty, in this type of tuber¬ 
culosis, although we have performed thoracoplasties as a preparation for resec¬ 
tion in extremely toxic, poor-risk patients. The oxygen exchange ‘will not be 
altered by resection as these dead lungs act only as a continuation of the’ 
noimial dead space. Unless resection is done in this group, these patients are 
doomed to a life of incapacity or hospitalization with no chance of cure. 
Pulmonary resection offers the only chance for a negative sputum for acid-fast 
bacilli and return to some form of a rehabilitated negative status. 

3. Tlioracoplashj Failure .—Thoracoplasty failiue has been our indication 
for resection in 22 patients. In all patients we waited from six months to 
one year before considering the thoracoplasty a faihue. 

There are several sources fi’om which a positive sputum for acid-fast 
bacilli can originate after a thoracoplasty, and all possibilities should be thor¬ 
oughly investigated before pulmonary resection is done. Of course, the con¬ 
tralateral side should be excluded as the origin of the positive sputum for acid- 
fast bacilli. 

Laminagrams should be taken of both sides. If residual cavitation is found 
underneath the thoracoplasty, a reAusion thoracoplasty can be considered if the 
thoracoplasty is thought to be mechanically inadequate. If laminagrams fail to 
detect residual eamtation, the source of the positive sputum for acid-fast 
bacilli may be from endobronchial tuberculosis. In most instances this condition 
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can be dingnoscd by bronclioscopy niid treated successfully \ntb streptomycin. 
Sometimes when the bronchoscopy is noncontiibutorj', the bronchograms Avill 
show definite broneliieetnsis. At i)rescnt wc consider pulmonary resection in¬ 
dicated in most of those eases. Pulmonarj' resection is usually indicated when 
the bronebiccta.sis is limited to the lower lobes. 

Wc now i-oulincly make preopemtive liipiodol bronchograms on all pa¬ 
tients being considered for thoracoplasty or resection. The information gained 
Ls often more important and influences our deci.sion more than the information 
gained by bronchoscopy. Several of our earlier patients would have had 
primary- pulmonary resection instead of tborneoplasty if they had been studied 
with Lipiodol bronchograms first. 

To save bospitaliration time for the nonconverted thoracoplasty patient, 
wo now make the following routine cxaminatioiLs six months after cverj- thora- 
co])lasty: 

1. Laminagranis. 

2. Bronchograms. 

3. Bronchoscopy. 

Treatment Ls then outlined ns prcvioasly diseussed. 

4. nimii CavUdUoii .—There were 20 i)atients in this group. nn\itica men s- 
urin p more than 4 cm. in di am eter nro considered ns giant ca vi ties. IMost of our 
20 patients had cavitie s co nsiderably larger, with some occupying an entire 
lo be or an entire lun g. Mo st cavities were of t h e tension tvn e. Pnoiimoihora.x is 
defi nitely contraindicat ed i n tlic nresence of a g ia nt tension cn\it\' that is ac- 
co mpanied by cndoliro iic hinl tuberculos is. Af ter analyzing our owm eases , we 
l)el ievo that tlioracoi )ln.s ty is a failure in nio.st instaiices where giant caWta tion 
i s presen t. Hes ection otTci's a better hope of cure in those patients who still 
ha ve a rather poor prognosis. O ccnsioiially, wc have recommended th oraco¬ 
pla sty in extremclv Tll and poor-risk p atients ns a prcliminaiw to r esection. 

5. Pneumothorax Failure.—We had 13 patients whom we placed in the 
pneumothorax failure groul). The three main reasons for pneumothorax failure 
arc: 

1. BroncliostcnosLs and atelectasis. 

2. Lower lobe lesion. 

3. Tuberculous hronchicctasis. 

All of these reasons are included in our indications for pidmonarj’ resection. 

In a few cases of pneumothorax failure the reason will he bronchiectatic 
cavities or tul)crculous hronchiecta-sis. This type of case does not respond to any 
form of collapse therapy or to streptomycin because of the scarring and fibrosis 
of the bronchi. An ordinaiy film will not show this scarring. The bronchi must 
be filled with Lipiodol aud the upper lobes then show the characteristic multiple 
heading along the lumen of the bronchi. This multiple heading is characteristic 
of upper lobe hronchiectasis, as it tends to he a drj' type because of adequate 
drainage in contrast to the wet tj'pc seen in lower lobe bronchiectasis. Here 
again, resection appears to he the treatment of choice as this tj'pc of lesion 
cannot be compressed by thoracoplasty. 
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6. Bronchial Stenosis .—There were 10 patients -with bronchial stenosis in 
the series of the 93 resections. There are two types of bronchial stenosis asso¬ 
ciated with pulmonary tuberculosis, the ulcerostenotic and the fibrostenotic. 
The ulcerostenotic type is not necessarily an indication for resection because 
tuberculous ulceration, which is the cause of the stenosis, may heal witli or 
without stricture, either spontaneously or following streptomycin therapy. 

Bronchial stenosis may become particularly prominent after a pneumo¬ 
thorax is started. A lobe or an entire lung becomes atelectatic and assumes the 
characteristic groiuid glass appearance, often unth definite evidence of cavitation 
Avithin the atelectatic area. In these eases there is little hope of closing the 
cavity or caAdties, and the pneiunothorax should lie abandoned. Many times the 
attempt to re-expand the lung is unsuccessful because of the bronchial stenosis, 
and resection is then the treatment of choice. Even in the feAv cases Avhere it is 
possible to abandon the pneumothorax, it is highly questionable if thoracoplasty, 
which offers less collapse than the pneumothorax and like the pneumothorax 
causes kinking of the stenotic bronchi, will result in a sputum conversion of 
acid-fast bacilli. Again, in this type of case, resection is the treatment of 
choice. 

In the fibrotic type of stenosis Ave feel that resection is ahvays the treatment 
of choice, either Avhen dealing Avith the main bronchi or a lobar branch bronchus 
providing a positive sputum for acid-fast bacilli is present. 

7. Lower Lobe Disease With Cavitation. —^Nearly, every patient Avith lower 
lobe lesions A\dll fail to respond to pneumothorax treatment, even when the 
pneumothorax is combined Avith phrenicotomy, pneumoperitoneum, or both. The 
cavity remains open and the sputum continues positive for acid-fast baciUi. In 
this tj^pe of case a thoracoplastj’- is out of the question, as the inadequate 
pneumothorax has given a greater degree of collapse than could be expected 
from a perfect thoracoplasty. In our opinion, one should not temporize in 
advising resection before a contralateral spread occurs. Pneumothorax Avould 
only delay the end result and may be costly and take aAvay the patient’s chance 
of an early successful cure. 

8. Bronchopleuro-Cutaneous Fistula .—There were 4 patients who had to 
haA^e pulmonarj'^ resection because of a persistent bronchopleuro-cutaneous 
fistula. 

9. Tuberculoma .—Two patients had pulmonary resections for tuberculomas. 

10. Miscellaneous .— Tavo patients had pulmonary resections for conditions 
that did not fit into any of the other definite indications. Therefore, these pa¬ 
tients are placed in the miscellaneous group. 

11. Plonibage Pack Failure .—There Avas only one patient that had to have a 
pulmonary resection because of inadequate plombage. 

RESULTS 

Mortality.— Nineiecn of the 93 reseetion patients are noAV knoAvn to be 
dead, an incidence of 20.4 per cent. Seventy-four patients are alive and Avell 
at the present time. 
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The mortality reasons are seen in Table I. This ehart also gives the time 
that death oceumxl. Cardiorcsjiiratorj’ insnffieicncy and embolism cansed the 
greatest number of deaths. Bronchoplcuml-cutancons fistnla and tuberculous 
empyema were the second greatest causes of death. This condition occurred 
eight times and was resimnsible for 42.1 per cent of the deaths. Table II shoivs 
the mortality for each type of resection done. 

Sputum Converxion. —Sixty-eight patients were sputum negative for acid- 
fast bacilli at the time of diselmrge. Thus, 73.1 per cent of the 93 tuberculous 
resections became negative for acid-fast bacilli. Since 19 of the resection pa- 


T.^Du; I. MonTAUTV Chart of Nixeteen ToaEacuixisiB Reseutio.x Deatiib 




snx 

nAcr. 

1 CAIISC or ^EAT^ 

TIME OP TlEATn 

0,SS3 


F. 

\v. 

(jonornilnxi toxemia 

0 days 

14,G37 

38 

F. 

w. 

(loncmIiEOtl miJiarr tnlxircu* 
lo3i« of nil orpans niiO 
hronehopleuro-cutnupous- 

Otrtuln 

2 months 

liiiMiiii 

37 

F. 

w. 


20 hours 

17,444 

37 

F. 

C. 

l^iimonnrj- InAuflRcionry 

17 days after 
mirpory 

18,003 

43 

F. 

IV. 

CiinHorenplmtory fnlluro 

2 months after 
resection 

10,404 

39 


\v. 

Cartlioronpiratory failure 

7 months after 
reaoetioD 

18,187 

47 

i\ 


Shock and cardiopulmonary 
In^offlcicDej' 

24 hoars after 
resection 

18,374 

65 

F. 

a\’. 

Hhock («vere cnnllnc care) 

16 minutes after 
*nrffer.T 

17,420 

03 

IL 

IV. 

Tnborcalous empyema and 
broncLopIcuro-cutnncouB 

Optula 

6 months after 
resection 

10,328 

20 

F. 

av. 

Cnrdioreaplratorr failure 

7 months after 
resection 

18,410 

9 

M. 

a 

Tubcrculoufl cnipycraa and 
bronchopleuro-cutancouB 

Obtain 

9 months after 
Surgery 

17,083 

29 

F. 

AV. 

Contmlaterol spread, renctim- 
tlon, and cardiopulmonary 
Insaffieiency 

2 months after 
resection 

17,887 

36 

F. 

AA'. 

Acuto cor pulmonale and 
pcnerallted moiisflrcn imd 
eontralnteml spread 

1 month after 
resection 

17,051 

45 

F. 

AV. 

Bronchoplcuro-cntaneouB 

tlstuln (left hospital n^yninst 
ndeice) 

13 months after 
resection 

10,120 

30 

M. 

AV, 

Bronchopleuro-cutaneous 

fistula 

4 niontliB offer 
surgery 

19,051 

27 

ai. 

AA'. 

CSirdiorcsplratory failure 

24 hours after 
resection 

10,053 

38 

iL 

AV. 

Bronclioplenro-cutaneous 
fistula and tuberculous 
empyema 

5 months after 
resection 

17,703 

88 

F. 

AV. 

Bronchopleuro-cutaneous 
fistula and empyema 

7 weeks after 
resection 

18,001 

21 

F. 

AV. 

Bronchopleuro-cutaneous fistula 
and empyema 

3 months after 
resection 
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Table II. Mortality Incidence for Each Type of Resection Done In Cases of 

Pcljionary Toberculosis 


PER CENT 


1. Eight pneumonectomy 

Eight deaths in 21 resections 38,1 

2. Left pneumonectomy 

Seven deaths in 28 resections 25.8 

3. Eight upper lobe lobectomy 

No deaths in 13 resections 0.0 

4. Right upper lobe and right middle lobe lobectomy 

One death in 5 resections 20.0 

5. Right middle lobe and right lower lobe lobectomy 

Four resections with one death 25.0 

6. Right lower lobe lobectomy 

One resection noth no deaths 0,0 

7. Left upper lobe lobectomy 

Thirteen resections with no deatlis 0.0 

8. Left lower lobe lobectomy 

Six resections with 2 deaths 33.3 

9. Right middle lobe lobectomy 

One resection with no deaths 0.0 

10. Right upper lobe and right lower lobe (apical segment) 

One case with no deaths 0.0 


tients have died and 74 patients are liting and well, there is an incidence of 
91.9 per cent sputum conversions for acid-fast bacilli in the living patients, 
as 68 of the patients were sputum negative for acid-fast bacilli at the time of 
discharge. 

Spreads and Reactivations .—There were 4 patients who had postoperative 
.spreads and 5 patients who had reactivations. Thus, the incidence of spreads 
was 4.3 per cent and the incidence of reactivations was 5.4 per cent. In our 
opinion, epidural anesthesia has played an important role in lowering the 
incidence of postoperative spreads and reactivations. 

COMMENT 

The mortality in this series may appear rather liigh. There are several 
plausible reasons for this condition. Most of the patients who came to resection 
were extremely poor risks. They had had pulmonary tuberculosis for many yeai-s 
prior to the time when resection was decided upon. Resection was usually done 
as a last desperate hope of cure and often after other types of ti'eatment had 
failed. Purthennore, in the early years when resections were done the tech¬ 
nique of pulmonaiy resection had not developed to the present degree, and 
streptomycin was not available at our institution until 1947. 

No doubt better results can be obtained with still further improvement in 
operative teclmique and better selection of cases. At present we are evaluating 
our results with pneumoperitoneum, pneumothorax, thoracoplasty, and other 
active methods of treatment in different types of pulmonary tuberculosis. In 
the types of disease where poor results are obtained with the different forms of 
collapse therapy, we are inclined to do primarj^ resections whenever possible. 
We hope that our future results -svith pulmonaiy resection will save valuable 
hospitalization time for the patients and reduce further the over-all mortality 
in all surgical procedures used in the treatment of pulmonary tulierculosis. 
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sbjimary 

1. Nincty-tliiTC consecutive jnilmonnry resections done for pulnionory 
tuberculosis at the Jlissouri State Sanatorium, Mount Venion, Mo., from Jan. 
20, 1940 until June 29, 1949, are anal.vzcd as to t.vpcs of resection, indications 
for resection, and end results. 

2. The uidieatioiui for re.section arc discussed fully so ns to .show why 
resection was preferred instead of thomcoplnst.v or some other t.A'jio of collapse 
therapy. 

3. The ini])ortnnce of prcoircralivc Lipiodol hronchograms is emphasized. 

4. Ninety-one and nine-tcntlis per cent of the liring pvdmonarj- resection 
patients arc now sputum negative for acid-fast bacilli. 

5. The incidence of postoperative si>renda and reactivations was low and 
we feel that epidural anesthesia was an imjmrlant aid in their prevention. 
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BLOOD VOLUME AND EXTRACELLULAR FLUID IN TUBERCULOSIS 

ElIjIott B. Hay, M.D., Celestine R. Hay, M.D., amd Daniel E. Jenkins, M.D. 

Houston, Texas 

R ecent studies on extracellular fluid in chronic infections and cancer^’ * 
have demonstrated a reduced blood volume and an increase of interatitial 
fluid volume. This report is based on preoperative studies of fifty patients with 
tuberculosis and twelve healthy adults. Our findings were a reduction in the 
cell mass, and an increase in interetitial fluid and plasma volume, a decrease in 
serum albumin, and a decrease in total serum protein in the patients ivith 
tuberculosis. 

The plasma volumes, extracellular fluid (thiocyanate space) volumes, and 
hematocrits were done using the method described by Gregersen and Stewart,® 
and from these the cell masses and interstitial fluid volumes were calculated. 

The serum albumins and total proteins were done, using the method de¬ 
scribed by Kingsley.'* 

Twenty-five of the patients vdth tuberculosis were considered to be in good 
physical condition, and twenty-five were considered to be in poor condition be¬ 
cause of prolonged fever, far-advanced disease, empyema, or excess weight loss. 

The averaged cell mass was reduced in the patients with tuberculosis when 
compared to the healthy adults. All comparisons were made on the basis of 
liters per square meter of body surface area, as this is reported as being a more 
f accurate method of comparison than either cubic centimeters per Idlogram of 
body weight or by total volume.' The cell mass in the patients -with tubercidosis 
averaged 990 c.c. per square meter surface area, compared to the average healthy 
adult of 1,200 cubic centimetei's. Thei*e was a more marked deficit in cell mass, 
900 c.c. per square meter, compared to 990 c.c. when the usual surface area 
calculated from the patient’s optimal weight was used. 

Patients ivho were considered to be in poor condition (Pig. 1) had less cell 
mass on the average than those considered to be in good condition; 690 c.c. com¬ 
pared to 1,030 c.c. per square meter present surface area. 

The 33 patients who had a gain in iveight, or loss of less than 20 pounds 
had 1,700 c.c. cell mass per square meter of surface area. The 17 patients who 
had lost more than 20 pounds in weight averaged 900 c.c. cell mass per square 
meter of surface area. 

The average total cell mass in the healthy adults was 2,400 c.c., and in the 
patients with tuberculosis 1,600 c.c.,i a deficit of 800 c.c. of cells, or 1,500 to 
2,000 c.c. of whole blood. Tliose in poor condition, or who had lost more than 
20 pounds, had a deficit of about 2,500 to 3,000 c.c. of whole blood. The plasma 
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volumes nveragert 1,910 e.c. per square meter present surface area in tuberculosis 
and 1,580 e.c. in the average liealtliy adults. The increase of pla-sma volume was 
not as marked when compared to the usual surface area, 1,7G0 e.c. to 1,910 cubic 
centimeters. The avorngo plasma volume (Pig. 2) was 1,780 e.c, per square meter 
surface area in the patients in good eoiiditioii, and 1,989 e.c. in tlio patients in 
poor condition. Tliose patients wlio lost less than 20 ])Ounds in weight had an 
average ])lasma volume of 1,G11 c.e. por square meter surface area. Those who 
hod lost more than 20 pounds in weight had an average plasma volume of 2,003 
c.e. per square meter surface area. 
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S. A. 
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S.A. 

25 TB. 
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Pie. 1. 


The average extracellular fluid (thiocyanate space) volume in the patients 
with tuberculo.sis was 11,830 c.e. per square meter of usual surface area and 
14,290 c.e. per square meter present surface area. The extracellular fluid aver¬ 
aged 8,150 c.e. in tlie healthy adults. The oxtraeelhilar fluid (thiocyanate 
space) was greater in those patients in ])oor condition (14,000 c.e. per square 
meter surface area) than in those in good condition (10,300 e.c.) (Pig. 3). 
There was an average of 10,900 c.e. extracollular fluid (thiocyanate space) square 
meter surface area in patients who had lost less than 20 pounds in weight and 
13,800 c.e. in those having more than 20 pounds weight loss. 

Tlio serum proteins averaged 6.7 Gm. per lOO'e.c. in the patients with tuber¬ 
culosis and 7.1 Gm. per 100 e.c. in the avorago healthy adults. The average total 
serum protein, calcvflated from the plasma volume and scrum protein levels, was 
168 Gm. in the patients with tuberculosis and 203 Gm. in the healthy adults. 
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The nverogc serum albumin for the patients ivith tuberculosis was 2.9 Gm. per 
100 C.C., and for the healthy adults, 4 Gm. i>er 100 c.e. The total serum albumin, 
calculated from the plasma volume and .serum albumin levels in tlie patients ndth 
tuberculosis averaged 85.5 Gm. and 114 Gin. in the healthy adults. The serum 
protein levels in the patients in poor condition averaged 5.8 Gm. per 100 c.e., 
and the serum albumin averaged 2.7 Gm. ))er 100 c.c. In the patients in good 
condition these averages were 5.6 Gm. total protein and 2.9 Gm. albumin. 

The albumin globulin ratio for the patients with tubcrculasis was 1.01 to 1 
for those in poor condition, and for those in good condition, 1.01 to 1. 
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DLSCUSalOX 

Prom these results we can say that there is eousiderable variation in the 
extracellular volume, red cell mass, interstitial fluid volume, plasma volume, 
total protein, and serum albumin in jiatients with tuberculosis when compared 
to healthy adults. Some of the labomtorj’ methods used, T-1S24 blue dye for 
plasma volume and thiocyanate for estimation of the extracellnlnr fluid volume, 
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have an estimated error of 10 to 15 per cent, but the variations could not all be 
accounted for on this basis, as the averages demonstrated definite changes in 
the patients with tuberculosis. 

The results of our investigation suggest that the average patient with tuber¬ 
culosis has a reduced red cell mass, increased plasma volume, reduced total serum 
protein, and increased interstitial fluid volume. These changes are more marked 
in those patients judged to be in poor condition by the criterion used. 

The information gathered from this and similar studies®"^* is important in 
the treatment of tuberculosis as it serves to re-emphasize the changes in physiol¬ 
ogy that occur and suggest corrective measures. 

There is also a prothrombin deficit in tuberculosis,^®''" and probably a deficit 
of other protein compounds, such as antibodies. 

The corrective measures suggested from our findings are a high protein in¬ 
take and transfusions of 2,000 to 3,000 e.c. of whole blood before surgery. 

Although these studies were primarily designed to evaluate the preopera¬ 
tive preparation of patients with tuberculosis, the abnormalities found can be 
utilized in the medical treatment as well. 

The increase in plasma volume and extracellular fluid (tbiocynate space) 
volume in these patients is interesting. The greater increase in those patients 
who have a reduced cell mass suggests a compensatoiy mechanism. 


SUMMARY 

1. In patients ndth tuberculosis studied there was a reduction in red cell 
mass, an increase in plasma volume, an increase in extracellular fluid (thiocy¬ 
anate space), and reduced serum total protein and serum albumin, when com¬ 
pared to the healthy adults. 

2. These changes were more marked in those patients who were considered 
to be in poor condition, by the criteria used. 
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SUDDEN DEATH OCCURRING IJMjVIEDIATELY AFTER OPERATlOxN 
IN PATIENTS WITH CARDIAC DISEASE, WITH PARTICULAR 
REFERENCE TO THE ROLE OF ASPIRATION THROUGH 
THE ENDOTRACHEAL TUBE AND BXTUBATION 

Harris B, Shumacker, Jr., M.D., Indianapolis, Ind., and 
L. Jennings Hampton, M.D., New Ha\en, Conn. 

S UDDEN death is always a catastrophe which is diflficult to accept, not only 
for the patient’s family but for tlie phj'sician as well. When death occurs 
during an operative procedure it is partieulai’lj' distressing. Perhaps no 
calamity, however, is more frustrating than the sudden death of a patient 
shortly after the completion of an operation at a time when one might assume 
that the greatest danger was passed. It is our purpose to describe sudden death 
just after completion of operation in five patients in whom it seemed likely that 
either aspiration through the endotracheal tube or extubation was an important 
factor. 


CASE REPORTS 


Case 1.—This 19-month-old boy had been cyanotic since birth and was markedly in¬ 
capacitated by his low tolerance for exercise. Examination revealed evidence suggestive of 
tetralogy of Fallot—moderate cyanosis and clubbing, a harsh systolic basal murmur, a boot¬ 
shaped heart by radiologic examination with clear lung fields and diminished vascular mark¬ 
ings, right axis deviation on electrocardiography, and marked hemoconcentration. Arterial 
oxj'gen saturation was 52 per cent. There was evidence of a right aortic arch. The patient 
weighed 9.5 kilograms. 

Preoperatively the patient was given 32 mg. of pentobarbital, 1 mg. of morphine sul- 
late, and 0.17 mg. of atropine. Induction was carried out and anesthesia maintained with 
a cyclopropane-ether-oxygen mixture. During operation 130 mg. of procaine were given slowly 
by intravenous drip in a 0.1 per cent solution. The operation was begun at 8:45, at which 
time the pulse was 140 per minute. As soon as the pleural cavity was entered the heart rate 
slowed to 100, but within a minute after the administration of 0.2 mg. of atropine intra¬ 
venously tlie pulse rate rose to 170. Throughout the remainder of the operation the pulse 
continued at its normal rapid mte and the blood pressure remained constant. The anastomosis 
between the end of the left subclavian artery and the side of the left main pulmonary artery 
was begun at 9:55 and was completed at 10:20. Thereafter the color of the patient was 
improved. By 10:55 the wound had been closed. At this time the level of anesthesia was 
light. The dressing was applied and good expansion of the lung and the presence of a loud 
continuous murmur were demonstrated by auscultation. At 11:15 aspiration was carried 
out through the endotracheal tube and it was withdrawn. Simultaneously the heart sounds 
ceased, pulse and blood pressure disappeared, and the electrocardiographic tracing which was 
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l)eing mntlo dcmonatrated an inutaiitanoouB cessation of electrical activity. Tbo child took 
two or three coarse paaps and breathed no more. Tlie endotracheal tube was quickly re- 
lntrcKluco<l and rhythmic expansion of the lungs with oxygen was carried out. The chest 
wound was reopened and tlic heart was found In stiindstni. In spite of prolonged massage and 
the use of intmenrdiac adrenalin nnd Comminc, rcsuf»cltntlon could not be accomplished. 

A post-mortem examination was performed. The lieart was dinmcteristic of the 
tetralog)' of Fallot. There was present tbo recently made arterial anastomosis. Otherwise 
the examination rcveale<l nothing of algaificuncc. 

Case 2.—The patient was n O^j-ycar-old child. During an attack of measles, at the 
ago of 2^ j*ear8, the cJiild had been examined nnd the parents had boon informed that a 
cardiac murmur was present. 8he \TaB subject to frequent upper respiratory Infections and 
was easily fatigued. She weighed 18 kilograms. Upon examination a continuous thrill and 
murmur were present, most prominent In the second nnd third interspaces just to the loft of 
the sternum. Blood pressure in the arn« ranged between 00 and 108 sj'stoHc and 20 and 30 
diostolicj blood pressure In the thigh was around ]30/‘10, There was no evidence of de¬ 
compensation, The electrocardiogram was essentially normal, and Toentgenograms were 
conipatiblo nith the diagnosis of patent dnetus nrtcriosns, sliowing slight left ventricular en¬ 
largement and prominent and actively polsnttng polmonary arteries. Even though the find¬ 
ings were rather typical, cardiac catholcritntlon was performed; the pressure and oxygen 
content studies were also thought compatible with the diagnosis of patent ductus arteriosus. 

Preopemtivcly the patient ^vas given 32 mg. of iKmtobnrhItnl, 1.7 mg. of morphine 
sulphate and 0,8 mg. of atropine. There was an easy induction wltli cthcr-cydopropano- 
oxygen mixture. The operation was begun at 0:45. There was found no true ductus but 
instead a lignmontum arteriosum which on ligation and section showed a tiny Inmen about 
the sixo of a silk thread but tlirough which there had been no deOnite evidence of any flow 
of blood. A continuous tlirlU was palpable In the region of the ventricles. Tlio mediastinal 
pleura was sutnred, the longs re-expandod and tlio chest wall closed in the usual manner. Tlie 
left vagus norve had boon blocked with ^ per cent procaine as soon as the chest had been 
entered. The pnlse liad ranged between 140 nnd 100 all through the operation nnd the 
systolic blood pressure between 110 nnd 120. Small amounts of ether and cyclopropane had 
been used and during the dissection of the lignmentum Iho patient had recoi\‘ed a little 1 
per cent sodium pentothal intravenously, a total of 130 mg. haxdng been given. During 
closure of the chest wall the anesthesia was shifted to a nitrous oxide-oxygen mixture. The 
operation was completed at 11:05. Tlie dresslDg was opplied and the chert was examined. 
The long sounds were normal and the same continuous bruit, which had been heard before 
operation, was audible. At 11:20 aspiration was carried out through the endotracheal tube ar’ 
It was removed. Auscultation was being performed at this time and it was noted that thp/ 
heart sounds ceased as soon as tlie extubatlon wus accomplished. The tube ^vos immediately 
replaced. Spontaneous respirations continued for 20 minutes; they were assisted nnd 100 per 
cent oxygen was administered. As soon as tho disaster occurred tlie chost was reopened and 
the heart vros found In stondstUl. Ecsuscltation was not accomplished in spUc of long massage, 
intracardlac administration of adrenalin and procoino, and electrical stimulation. 

A post-mortem examination was not obtained. In view of operative evidence suggesting 
a ventricular septal defect, it is felt that the erroneous interpretation of tlie cardiac cathet¬ 
erization studies resulted from the belief, based upon fluoroscopic and radiologic evidence, 
that the tip of the catheter, nt tlie time one Important sample was obtained nnd pressure' 
studies were made, was In the proximal portion of tho pulmonary artery whereas It almost 
certainly was in the ontflow tract of the ventricle. 

Case 3.—The patient was an 18-monlh-old girl who had been cyanotic since birth. 
She had undergone good development but was markedly limited in her capacity for exorcise. 
She had been seen at tlie age of 11 months and operation had been deferred until she was 
older. She had moderate cyanosis, mild clubbing, a basal systolic murmur, a hematocrit of 44, 
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an arterial oxygen saturation of 75 per cent, electrocardiographic evidence of right ventricular 
preponderance, and typical radiologic findings of tetralogy of Fallot. This diagnosis was 
further confirmed by angiocardiographic observations. 

Preoperatively tiie patient was given 0.2 mg. of atropine. After Vinetliene induction an 
ether-oxygen mixture was administered. The left vagus was blocked with procaine. The 
pulmonarj^ artery was large but its pressure was less than 300 mm. of normal saline solution. 
The operation was begun at 8:00. An anastomosis 3 to 4 mm. in length was made between 
the aorta and the left main pulmonary artery. Just before the anastomosis was performed 
1.5 mg. of curare was given. The pulse rate had remained rather constantly betw'een 130 
and 150 and the systolic blood pressure between 100 and 110. Just after the anastomosis 
had been completed and the clamps on the pulmonary artery released, the heart rate suddenly 
slowed very markedly. Four-tenths milligram of atropine was given intravenously with 
transient increase in the heart rate. The rate returned to 140 immediately after administra¬ 
tion of an additional 0.4 mg. of atropine and remained at this level during the rest of the 
operation. A slow drip of 0.2 per cent procaine solution had been started shortly after the 
pleural cavity was entered. With the second administration of atropine 1.5 c.c. of 2 per cent 
procaine had also been given. Subsequently another 3 c.c. of procaine was given in divided 
doses. The vigorous action of the heart and its normal rate continued after the release of 
the aortic clamp. A continuous thrill was now present. The mediastinal pleura was ap¬ 
proximated, the lungs re-expanded, and the chest wall closed. The operation was completed 
about 9:45. The dressing was applied, the lungs were found to be clear to auscultation and 
a loud continuous murmur could be heard. Suction was made upon a catheter passed do\vn 
through the endotracheal tube into the trachea. The patient immediately became pulseless 
and heart sounds and respirations ceased. The lungs were rhythmically inflated with oxygen 
and the cliest was quickly re-entered. The heart was in standstill. After a little cardiac 
massage feeble contractions of the heart were initiated. These continued for a short while 
at a slow rate but normal heart action was not restored in spite of continued massage, 
intravenous administration of atropine, and intracardiac adrenalin and procaine. A post¬ 
mortem examination was not obtained. 

Case 4.—Tliis 3%-year-old boy had the classical findings of coarctation of the aorta. 
He had enjoyed generally good health, was well developed, and his physical examination was 
normal except for a loud systolic basal murmur, blood pressure of 130/70 in the arms, 
unobtainable blood pressure in the tliighs, excellent pulses in the upper extremities, and no 
palpable pulsation in the aorta or the vessels of the lower extremities. Oscillometric values 
were good in the upper extremities and only a flicker was obtained in the thiglis and calves. 

One and one-half milligrams of Mu 2006,* a morphine substitute, and 0.25 mg. of 
atropine were given preoperatively. Ether-o.xj'gen anesthesia was administered after Vinetliene 
induction. The operation proceeded with a great deal more facility than is usually the case 
in operations for coarctation. The area of coarctation was excised and the ends of the 
divided aorta were anastomosed with interrupted fine silk sutures. The pulse ranged betiveen 
145 and 165 throughout the operation. The systolic blood pressure was rather constantly 
between 150 and 160 until the aorta was clamped, when it rose to a level of between 180 
and 190. When the clamps were removed from the aorta the systolic pressure fell to a level 
of about 165. The operation was completed in two and one-half hours. The dressing was 
applied to the wound. The patient was placed on his back and secretions were aspirated 
froth the nose and throat. Aspiration was carried out through the endotracheal tube and a 
small amoimt of mucus was obtained. Suction was again applied in the nasopharynx and 
a second aspiration through the endotracheal tube was productive of only a small amount 
of mucus. The patient was sufficiently light that he opened his eyes and coughed during 
this procedure. Just as the endotracheal tube was withdrawn, the patient regurgitated a 

•Found on clinical study here to be an apparently safe druff. 
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rather large amount of witcry gafltric conteutB ■which filled his mouth and noso« lie vras 
Immodiatoly placed In Trendelenburg position and the material was aspirated from the 
nasopharynx. The patient's color hod become ashen gray os soon as the accident occarred 
and wlicn hU color did not improve with a few rapid manual compressions of tho bag, 
suction nns applied to a tulK! jdaoed tn the trachea under direct vision and only a slight 
amount of fluid \ms obtalntnl. lie did not react at all to direct exposure of tho larynx or to 
tho aspiration. Only a few feeble gasping respirations occurred. Tho patient was nhentubated 
and tho lungs rhymthlcnlly inflated with oxygiui. All of this had only taken n few momenta 
and now it was quite evident that the patient was pulseless and without heartbeat and It 
seemed likely that cessation of cardiac function had occurrc<l simultaneously with the 
extulmtion and regurgitation. The chest was reopened and the heart wns found in stand* 
still. Efforts at resuscitation, which ineludcd cardiac massage, intracardinc infection of 
ndrennlin and procaine, and electric sliock to tho licnrl, were to no avail. 

At post-mortem examination tho ropaircil aorta was found to be in good condition. In 
the right main-stem bronchuft there was a mucous plug which occluded a large portion of tho 
lumen and there wns scattered ^mtehy ntclcctusis of the right lung and to n lesser extent 
of tho loft. It was the pathologist's imprenslon tliat the degree of atelectasis was not 
sufllclent to account for the sudden death and that the opinion, of the anesthetist and 
surgeon that death was due to reflex cardiac arrest wns a more likely explanation. 

Care 5.—The patient was a 42-year*old woman who liad had repented epl8o<lea of upper 
gastrointestinal hemorrhage since the age of 27. Bhe had lind ascites off and on since the 
age of 28 and had on occasions required paracentesis. She had taken digitalis more or less 
constantly since the ago of 28. Examination revcnltsl auricular fibrillation, ascites, an 
enlargOil firm liver, a N^ery large firm spleen, no increase in venous prestoro, drcnlotion time 
of 14 seconds, normal urinalysis, severe hypochromic anemia, and a bone marrow which was 
relatively normal. Hadiologle examination revealed o^■idcnco of an enlorgetl spleen, csopliageol 
\Tirices, normal pyelogmms with intravenously administered Diodrnst. Electrocardiographic 
examination gave evidence of myocardial damagn and auricular fibrillation. There ■was 
obviously some impairment of liver function. Thymol turbidity was SJJ units, bilirubin 1 mg. 
per cent, ceplinlln flocculation 4+, hronuralfalein 20 per cent retention, prothrombin 42.6 per 
cent, total proteins 0.42 mg. per cent, nibomin 4.22 per cent. After hemoglobin had been 
raised to n leral of 11 Om. liy rc[K*ated blood transfusions, she was explored through a 
combined abdominal thoracic approach. 

Tlve pTeopenvtlve medication consistcil of 100 mg. of pcntobarbUnl tho preceding night 
and 10 rag. of morphine sulphate and 0.4 mg. of acopnlnmine before operation. The indoction 
was aecompllslied with cyclopropane and oxygen; tliorenfter nnestliesia was raaintalned ■with 
a mixture of ether and oxygen. Sjilenectomy wns very difficult because of the tremendous 
venous collateral circulation, the largo size of the spleen, and the extensive adhesions to it. 
In spite of great care tliere was considerable blood loss and 2,000 c,c, of blood were given 
intravenously. Tho systolic blood pressure raric<l between 100 and 110 and continued at this 
level throughout the long operation until just about the time the spleen was removed. At this 
time there was a drop to 80/30 but by the time the operation wns complete<l the pressuxo was 
100/00 and Imd been at tbis level for over one-half an hour. It had been hoped that a 
splenorenal anastomosis could l>o performed. Since, however, the splenectomy itself had proved 
so extraordinarily difficult and time consuming, It wob felt unwise to subject the patient to 
further operation. After the spleoxi was removed, It was a tedious matter to secure complete 
hemostasis and the operation wns finally completed 6 hours and 15 minutes after its bcpnnlng. 

At tlie time of eitubation the patient seemed in excellent condition. The pulse was 112, 
blood pressure KKI/Ofl. As the tube wns removed the patient assumed an ashen gray color 
and pnlse and blood pressure were not obtainable. Bhe continued to breathe well and was 
gi\-en oxygen. Intubation was quickly carried out, tho chest wns opened, tho heart massaged 
and intraenrdiae Injections of procaine, Coramlnc, and adrenalin were given without success. 
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An tlrtcrinl trnnflfupion irna nnd 1^000 e.r. of blood and 1,000 c.o. of plnsraa Tvero 

infuKOd rapidly durlnfi tho period of enrdlnc mnMBiKc. Post-mortem einminatlon was not 
carried out, 

DI8CUSSIOK 

Thcfo are oeitnin fentnres wliicli nre common lo all five cases. All were 
perlormefi iiiicler cmlotrnehcnl niicstlicain nml in all the to-antl-lro absorption 
technique wa.s uscfl. The actual intubation was easily carried out in each in¬ 
stance. In all the respirations were carefully and regularly assisted by manual 
compression of the bag. In all the anesthesia was light at the close of tho 
procedure and at the time of the terminal aspiration through tho endotracheal 
tube or extubation. In all the anesthesia was smooth and satisfactory from tho 
standpoint lioth of surgeon and anesthetist. All of the patients had known 
cardiac disease. Tivo had tetralogy of Fallot, one probably a ventricular septal 
defect and questionably a small iiatcnt ductus arteriosus, one a coarctation of 
the aorta, and one auricular fibrillation and myocardial damage of unknown 
cause. 

Four of the patients were children, one an adult. Induction was carried 
out Avith cyclopropane-oxj-gon in one ease, Avitli Vinethenc in two, and ivith 
cyclopropane-clher-o.xygcn in two (Table I). Anesthesia was maintained ivith 
ether and oxygen in two cases, and c.vclopropane, ether, and oxygen in three. 
In one case a small amount of Pentotbal Sodium was administered intravenously, 
two received dilute procamo solution intravenously, and one of the latter was 
given curare. Blood loss was considerable in one ease, veiy little in the others. 
In the exceptional case it was felt that the blood loss was replaced during 
operation. In three of the patients the exposed vagus nen-e was blocked with 
procaine as soon as the thorax was o])enod. Two of the patients (Cases 3 and 4) 
were operated ui>on in the lateral position. The other three were operated 
upon lying upon their backs with one side elevated about 30 or 40 degrees. 

There had been no evidence of alteration of function of tho heart during 
the operative procedure in three cases, and in a fourth there had been only 
tlic briefest relatii’C bradycardia Avhen the chest was first opened and this 
bradycardia had responded instantly to the use of intravenously administered 
atropine. The remaining case, howcA'cr, avos one in which there had been an 
alarming sloAAdng of the heart rate towai-d the close of the operation. This 
bradycardia too, hoAvever, had responded avcU to administration of atropine. 
One of the operations was exceedingly long and difficult and aa-os attended by a 
transient period of moderate sliock though the patient seemed to bo in good 
condition at tlie comjiletion of the procedure. In tlie other cases it is felt that 
the operations proceeded quite smoothly and that the patients stood them very 
Avell indeed. 

Except possibly for the fact that all had myocardial disease or congenital 
malformation it Ai'ould seem that the most plausible factor of significance was 
the fact that these sudden disastrous changes occurred during suction upon a 
tube passed into tho trachea through the endotracheal tube or during e.xtubation. 
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Indeed we have met with an apparently similar sudden reflex cardiac death 
during a period of aspiration through the endotracheal tube shortly after a 
thoracotomj'^ had been made in the ease of a 20-year-old woman who suffered 
from an infected aneurysm of the ductus arteriosus follo'\\dng its surgical 
ligation.* In seeking to explain such occurrences, one naturally thinks of vagal 
reflexes. In operating upon patients with tetralogj^ of Fallot it is not an in¬ 
frequent experience that a relative bradycardia occui’s sometime during the 
operation, and that the nonnal rapid heart rate can commonly be restored by 
the intravenous administration of atropine. In 1940, Reid and Brace^ demon¬ 
strated electrocardiographic changes in 10 of 35 patients Avhom they studied 
during various types of endotracheal manipulation. They attributed these 
changes to a vago-vagal reflex initiated by the mechanical irritation of the 
respiratory tract. In his expeiimental studies with vagal reflexes Sloan- found 
that cardiac arrest could be produced in dogs by vagal stimulation provided 
rather a marked state of hjqioxia existed. Kergin and his associates® reported 
that the use of an oximeter during intrathoracie operations demonstrated that 
an abnipt drop in oxygen saturation occurred during aspiration through the 
endotracheal tube. Often levels of from 25 to SO per cent unsaturation occurred 
and, unless oxygen were given under pressure, several minutes were required 
for a return to the jire-existing level of oxygen saturation. My associate and 
I have confimied the fall in arterial oxygen saturation during such manipula¬ 
tions. These considerations make it at least a tenable hypothesis that aspiration 
through and withdrawal of the intratracheal tube at the close of the operation 
might conceivably bring about cardiac arrest by effecting a transient state of 
decreased oxygen saturation vdth resultant increase in susceptibility to vagal 
reflexes. This mechanism might be brought more easly into play, it would 
seem, if in addition a state of hypoxia had existed durmg the operation. In 
three of the cases reported there Avas no clinical evidence of oxygen unsaturation 
duiing the operation. In the other two, to be sure, cyanosis was present. In 
both of them, howevmr, as usually happens in cases of tetralogy of Fallot, tlie 
color was better during anesthesia than it was beforehand. Tliis ivas especially 
true in Case I and there Avas further noticeable improvement in color once the 


*The patient had been operated upon seven weeks previously, the multiple transfixion 
and ligation technique of Blalock being used. She was two and one-half months pregnant 
at the time. Three and a half weeks after oneratlon, there developed hoarseness due to paralj’- 
asls of the left recurrent laryngeal nerve, chills and fever, and a return of the continuous thrill 
and murmur and wide pulse pressure which had been present before operation. Large doses 
of penicillin, aureomycin, and Chloromycetin failed to control the septicemia which Avas 
caused by a resistant Staphylococcus anreus. After preoperatWe medication with a small 
dose of morphine sulfate and 0.8 mg. of atropine, induction was carried out Avith cyclopro¬ 
pane. Anesthesia was maintained with ether and oxygen. The patient’s condition seemed 
good when the pleural cavlt.v was entered. The medlasUnal pleura was incised and a tape 
placed around the subclavian arteiy. At this time, electrocardiograms revealed normal sinus 
rhythm and moderate tachycardia. A few minutes later, the patient was given oxygen under 
pressure, following which a small catheter was passed Into the trachea through the endo¬ 
tracheal tube and suction was applied. It was noted immediately that the heartbeat had dis¬ 
appeared. The pericardium was opened and ventricular fibrillation was observed. Cardiac 
massage was begun and a moment later a series of four electric shocks was given. The fibril¬ 
lation continued and a second series of shocks was administered to the heart, followed by the 
introduction of 10 mg. of procaine into the right ventricle. The fibrillation persisted in spite 
of the subsequent use of electric shock and Intraventricular qulnldine. Indeed fibrillation 
ceased only thirty minutes af er Its onset as a terminal event and no ventricular contractions 
could be Induced. At post-mortem examination there was evidence of chronic passive conges¬ 
tion of the lungs, liver, and kidneys even though no evidence of heart failure had been ob¬ 
served clinically before operation. 
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niiastomosis was completed. In Case D inipiovcmcnl in color iritli aneatlKain and 
anastomosis was les.s striking. In none of tlio ca-ses wore oximeter studie.s carried 
out during operation and it is recognized that states of arterial oxygen un- 
saturation can escape elinieal detection. 

AVlictlier the likelihood of occurrence of such accidents is gieatcr when 
the anesthesia is light than wlicn it is in a somewhat deeper plane is a matter 
which desen-es careful study. If asiiimtioii of the tracheal contents and extuba- 
tion ai'c indeed done witli somewhat more risk when aimsthcsia is light such a 
disadvantage would have to he weighed against such advantages of light 
anesthesia at tlie close of operation a.s the iircseiicc of active cougli and swallow¬ 
ing reflexes. Though careful aspiration is undoiihtcdly important it would seem 
wise to carrj- out this procedure irith ns mueii expedition as possible in order 
to avoid profound and prolonged decrease in oxj'gcn saturation. One wonders 
too whether each attempt to aspirate any secretions in the trachea should not 
he preceded by full inflation of the lungs with 100 per cent o.xygen; whether 
.such a practice would reduce tlic degree of oxygon unsaturation following aspira¬ 
tion could lie determined by oximeter studies. One wonders too whether the ad¬ 
ministration of atropine toward the close of operation before endotracheal 
manipulation is carried out would confer any additional safety. 

It is recognized that the presentation of these cases and this brief con¬ 
sideration of the possible mechanisms involved docs not in any sense settle the 
prablom. It is hoped, however, that it may son’c to foster a general awareness 
of such a pos.siblc occurrence and to stimnlatc investigations aimed at throwing 
more light upon the cause and prevention of tlicso disastcra. Tliere is one 
additional feature whicli deserves special comment. From reviewing these 
cases it is crident that completely accurate record-s of tlio sefpience of events 
and the time relationships of physiologic changes, therapeutic measures insti¬ 
tuted, and any resiionsc to such measures ivill not bo presen-ed unless there 
exists a prearranged plan accoiding to which one member of the team, and pre¬ 
ferably the anesthetist's assistant, assumes among his duties that of recording 
such data immediately. During periods of such stress time may seem to pass 
very rapidly and at times verj- .slowly. When one tries with his associates to 
reconstruct precisely the sctpience of events even within a few minutes after 
death has occurred, one finds it almost impossihle to secure agreement as to 
exactly what happened and when. If a study of such clinical experiences is to 
be tndy helpful, accurate records must bo kept. Although it is felt that tlie 
essential features of tlie cases reported arc accurate, it is recognized that the 
accuracy of many details and especially of their time I'olationships is only 
appro.ximate. 

SUMMARY AND CONCLUSIONS 

Five cases of patients witli congenital malformation of the heart or of 
myocardial disease dj-ing suddenly after completion of operation at the time 
of aspiration tiirougli the endotracheal tube or of extubation are pi'esented and 
discussed, and a sixth case is mentioned in wliich a similar death occurred 
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shortly after operation was begun. A mecbanism Avhieb may be responsible is 
suggested. A plea is made for awareness of this possible occurrence and for 
clinical and experimental study of its cause and prevention. 
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PNElBIOPERITONEim IN THE DIPPERBNTIAE DIAGNOSIS OP 
DIAPirRAGJIATIC HERNIA 

Richard C. Ci-av, JI.D., and C. Rollins Hanlon, M.D.* 

Baltijiore, JId. 

W E HAirE recently ciiiiiloyed piiouinopcritoiieiiiii ns n clinjjiiostic aid in 
four cases o£ dinplirnRinntie hernia Kiiniilating iiitrathorneio tumor or 
cyst. The lesion in these four patients had hccn detected by routine roent¬ 
genography of the chest, and in evciy iiistniiee thorncotoin 3 ' had been ndAused 
ns n diagnostic or therapeutic iiiensure. 

Increasing use of mass radiological sun'cys has resulted in the detection 
of numerous ns 3 'mptomntie thoracic lesions which jiresent a ve.Ning problem in 
diagnosis and treatment. Since in man}' of these lesions thoracotomy is ad¬ 
vised primnrilj’ for diagnosis, it is apparent that operation could often be 
avoided if more accurate nonoperntivc dingnostie measures were available. 
In the four eases under discus.siou thci-c was uncertnintj' not oiilj- ns to the 
nature of the le.sion hut also eoneorning its jiosition relative to the diaphragm. 
In these circuinstnnce.s pneumoperitoneum jirovcd to be a simple and valuable 
diagnostic maneuver. 

The technique of inducing artificial pneumoperitoneum has been described 
frequentl}'. Our method is oa.scntinll}' that described bj' Jntchell and asso¬ 
ciates.' After local infiltrntiou anesthesia a one and one-half inch, 19 gauge, 
short bevel pneumothora.K needle with a side opening pro.ximnl to its tip is 
introdneed two inches below and to the left, of the umbilicus. It is generally 
easy to detect the entry of the needle into the jicritonenl cavity; this is cor¬ 
roborated by gentle introduction of 2 c.c. of air by moams of a small syringe. 
Localized pain at the injection site, or ability to withdraw readily the injected 
air, suggests that the needle is outside the peritoneal carity; air injected into 
the peritoneal .space usually pns.scs quickly out of reach of the needle. Injec¬ 
tion should not be made if blood is obtained upon asiiiration. Neglect of this 
precaution may lead to injection of air into a solid itscus with possiblj- fatal 
air embolism. If the initial air enters freely, a total of 260 to 300 c.c. may be 
introduced under low pi'essuro; xuse of a pneumothorax machine is helpful but 
not essential if cai'c is exercised to avoid forceful introduction when a sj-i-inge is 
used. In two iustances xve used pneumoperitoneum ns an outpatient procedure 
without interference xrith the patient’s nonnnl actirities. 

CASE REPORTS 

Case I.—'iJ. II. (J. E. E. No. 483548). Tlila 14-3“cnx-ol(3 orhito schoolboy came to tbo 
.Tohna Eopkias Eospital on Eec. 6, 1048, for advice concerning the mnnngoment of a 
”tumor of the left lung" which hud Imen diagnosed elsewhere. Ee gave R history of 
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“asthma” during the first two jmars of life followed by “bronchopneumonia” which 
left no obvious ill effects. Except for these early respiratory difficulties he had been con¬ 
sidered a strong, healthy, and unusually Avell-developed boy. Shortly before entry, during 
a routine roentgenologic surve}' for tuberculosis, he had been found to have some thoracic 
abnormality. After full-size roentgenograms had been taken, together with fluoroscopy 
and barium swallow, his local physician diagnosed a “tumor of the left lung” and advised 
surgical treatment. Before submitting to operation he was bronglit to tlie ho.spital for 
another opinion. There had been no s 3 ’mptoms of an}' sort. 



Fig. 1. 


Fig. 2. 


Fig. 1.— (D. H.) Roentgenogram In poeteroanterlor projection. The suspected ‘'tumor” Is 
seen In the region of the left diaphragm. 

Pig. 2.— (D. H.) Lateral roentgenogram In extreme inspiration. The anterior portion of 
the diaphragm fails to descend. 


Examination sliowed a 14-year-old boj' nearly si-x feet tall and weighing 170 pounds. 
Except for a supernumerarj' nipple on the left side nothing unusual was observed on phj'si- 
cal examination. The heart and lungs appeared normal. Roentgenograph}' of the cliest 
showed a “density” at the lower portion of the left lung field between the chest wall and 
the left lateral border of the heart. In the posteroanterior view this seemed to bo sausage¬ 
shaped and measured 6.5 by 4 cm. (Fig. 1). A lateral view in extreme inspiration (Fig. 2) 
showed the lesion to lie anteriorly and apparently below the diaphragm. On fluoroscopy 
the lateral and posterior portions of the diaphragm seemed to descend well, the antero¬ 
medial portion being held up as a rounded knob. This condition is well shown by a left 
anterior oblique mew (Fig. 3) taken in full inspiration. From these studies it seemed 
unlikely that the lesion lay above the diaphragm, but its exact nature could not be deter¬ 
mined. 

For tliis reason a pneumoperitoneum was induced with 250 c.c. of air by the teclmique 
previously described. A roentgenogram following this (Fig. 4) demonstrated conclusively 
that the radiologic appearance which had initially excited concern was due to elevation and 






FIk, 3.—(D. II.) L<ift Hfiterlor obllnuu n>ortti?«noffnin» In extreme Inuplration. Only the 
pUiterolQtereJ portion of the loft dtaphrajpn descends. 

Fig. 4.—(D. H.) Roentffenogram In pooteroanlerior projection with pneumoperitoneum. 
The latersl portion of the loft dlaphrnffjn I 0 elevated (hitows), but there li no evidence of 
tumor on the upper or lower d(flpnrrtffm«tlc atirfnce. 
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paresis of a portion of the left diaphragm, with no evidence of tumor attached to either 
the upper or the lower surface. The patient’s family was reassured, and no treatment was 
advised. When last seen in October, 1949, he was asymptomatic, and the roentgenologic 
appearance was unchanged. 

Case 2.—X. S. (J. H. H. No. 108672). This 70-j'ear-old housewife was referred to the 
Private Out-Patient Service on Dec. 21, 1948, after her local physician had detected a 
roentgenologic abnormality in association with the right diaphragm. For more than twenty- 
live years she had been followed sporadically in the outpatient department because of 
menstrual dilRculties, pain in the lower abdomen, and a variety of other poorlj' defined 
complaints. Attempts at visualization of the gall bladder had failed on four occasions and 
a cholecystectomy had been advised, but was refused by the patient. In 1941 an upper 
gastrointestinal series was reported as normal, and no abnormality of the diaphragm was 
noted. 



PlB. 7. PlE. 8. 

Pig. 7.— (X. S.) Roentgenogram In posteronnterlor projection during extreme Inspiration. 
The lateral border of the right diaphragm descends well while the central portion remains 
elevated. 

Fig. S .— (X, S.) Roentgenogram In posteroanterlor projection with pneumoperitoneum. 
The line Indicated by arrows represents the thinned-out central portion of right diaphragm 
with the remaining active portion nearly two Interspaces below this. 

Physical examination showed only slight hypertension and obesity. There was no 
abnormality of the chest. Routine laboratory studies of blood and urine were not remark¬ 
able. 

The patient brought with her a roentgenogram of the chest taken in the postero- 
anterior projection (Fig. 5). This showed a smoothly- rounded bulge above the diaphragm 
in the right lower chest, apparently separate from the normal contour of the diaphragm. 
In the lateral view (Fig. 6) this lesion lay anterior to the midportion of the diaphragm, 
overlapping the heart shadow. On fluoroscopy in extreme inspiration the lateral portion 
of the diaphragm seemed to descend, but the central portion moved verj- slightly (Fig. 7). 
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FIff. 9. FIp. 10. 

FJf?, 9.—(I. O.) noentfnjnopram In projection iliowlnp bolge above right 

diaphragm contlnttou* with border of the heart. 

Fig. 10.—(1, a.) Lateral roentgenogram ahowlng rounded lealon far anteriorly’ just above 
normal contour of the diaphragm ovormng the heart. 


Fig. 11. Fig. 12. 

Fig. 11.—(L O.) Itoentgenogram In poBteroontorlor projection with pneumoperitoneum. 
Both dlaphmgme are well outlined hy air, with the arrow* Indicating the borders of the hernia 
through the right diaphragm. 

Pig. 12.—(V. a.)Roeni^nograni In posteroanterlor projection showing shift of heart 
and medlnstlnum to right The bulging of the mass In the lower right chest obliterates the 
normal cardlophrenlc angle 
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Pneumoperitoneum with 250 c.c. of air was induced in the outpatient department. 
A roentgenogram (Fig. 8) demonstrated air outlining the highest limits of the previously 
noted density. This upper limit was bounded by a thin line presumablj' representing a 
thinned-out portion of diaphragm with the remaining active portion lying two interspaces 
below this. This 70-year-old patient suffered no ill effects from the procedure. She was 
reassured and no treatment was recommended. 

Case 3. I, G. (J, H. H. No. 493822). This 48-y’ear-old white pharmacist was ad¬ 
mitted to the Johns Hopkins Hospital as a patient of Dr. George Finney on Mar. 15, 1949. 
Three months before admission a “mass in the right lung field" had been discovered by 
his local physician following routine roentgenography of the chest. He gave a historj’ of 
bronchopneumonia at the age of 8 years. There had been a nonproductive cough for many 
years. Except for this there had been no cardiorespiratory symptoms. Bronchoscopy and 
bronchography elsewhere had given no significant information concerning the nature of 
the “mass" in the right lung area. 



Fig. IS. Fig. 14. 

Fig. 13.— CV. G.) Lateral roentgenogram showing rounded retrocardlac density low In the 
chest. Before admission this had been diagnosed as a posterior mediastinal tumor or cyst. 

Fig. 14.— (V. G.) Roentgenogram In posteroanterlor projection, with pneumoperitoneum. 
Air is visible under the left diaphragm and at the lateral border of the density In the right 
cardlophrenic angle. 

On admission he was found to be an adequately nourished man who did not seem ill. 
There were multiple telangiectatic lesions of the skin. A few respiratory r&les and rhonchi 
were detected at the base of the right lung. Temperatui^^, pulse, respirations, and routine 
laboratory studies of blood and urine showed no abnormality. 

A roentgenogram of the chest in the posteroanterior projection showed the lesion 
which had initiated the investigation (Fig. 9). It appeared to be above the diaphragm, 
close to the right border of the heart. A lateral view showed it to lie anteriorly (Fig. 101 
just behind the sternum. 

A gastrointestinal series and barium enema showed no evidence of gastrointestinal 
contents in the region of the lesion. There were a few diverticula of the ascending colon. 
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DlnpioBtic pneumoperitoneum wns performed, 300 e.c. of air being intro<luccd by the 
niunl technique, A roentgenogram following thU nhowcd both diaphragm? well outlined 
by underlying pochot? of air which also filletl the region of the "maM" near the right 
border of the lieart (Kig. U). Since barium Mtudie? hod shown no stomach or bowel in the 
hernia, and because he was essentially asymptomatic, no treatment wns advised. 

Care 4.—V. G. (J.H.H. No. 5.35004). This 40-ycnr-old white woman entered the 
.Tohns Hopkins Hospital on April 24, JP50, because of the dlscoverj* of n mass in her right 
chest thought to bo a |iostcrior mediastinal tumor or cyst. She had always enjoyed good 
liealtli, with no gastrointestinal or cartlloresplmtoiy s\Tnptoms. 



Klff. 15.— (V.a.) Lateral roentgenoffram ttIUi pneumoperlloneunu Tlxere is no air at the apex 
of the rounded densitj' for rea»mu UelHlIed Jn the text. 

Trvo months before entrj', after a severe respiratorj' illness, the patient began to 
liave pain in her right shoulder and scapula and a cough productive of small amounts of 
muens. Her phj'slclan detected dullness at the base of the right Inng and a friction rub, 
and treated her with penicillin. Hoentgenologic study of the chest revealed a retrocardiac 
mass on the right, and a mediastinal shift to the right. The cough disappeared In a few 
daj-8, and she was left with only a pain in the right shoulder. Tliis pain subsequently 
shifted to the left shoulder; hence, It seems unlikely that it was related to the disease 
process Ln the region of tlie right diaphragm. A review ]>y her phj'sician of cheat roent- 
genogmnis made in 1P46 and 1940, when the patient'wna perfectly well, revealed the same 
right-sided retrocardiac mass and a shift of the mediastinum to the right. The discovery 
of a "chest tumor" In this patient was therefore an accidental occurrence during the 
investigation of a respiratory illness. 

On admission to the hospital the only significant physical signs were dullness to per¬ 
cussion and diminution of breath sounds and tactile fremitus over the posterior right chest 
below the angle of the scapnlo. The dullnoes did not shift on deep Insplmtlon. The 
trachea was deviated to the right. 
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Oa April 29, 1950, the right chest was entered through the bed of the eighth rib. All 
lobes of the lung were found expanded which ruled out atelectasis as a cause of the 
mediastinal shift. The lower lobe was everywhere adherent to the diaphragm by filmy 
adhesions. When the adhesions were freed the mass was seen to be a knob of liver covered 
by a thin sac. The failure of the pneumoperitoneum to outline the mass completely was 
due to inclusion in the sac of much of the bare area of the liver, which is, of course, extra- 
peritoneal (Fig. 16). 



Fig. 18.—A., Reduction of the hernia 1b being completed a.‘« suturing of defect in dia¬ 
phragm progresses. B., Second row of sutures Is nearly complete. Residual defect for passage 
of aberrant arterj' is shown. 

The sac was thin and transparent, and seemed grossly to contain no muscle fiber.s. 
It appeared to represent diaphragmatic pleura fused with peritoneum except at the bare 
area of the liver where the peritoneum is deficient. Anteriorl}’, laterally, and medially the 
hernial ring was bounded by thick diaphragmatic muscle. The defect was horseshoe 
shaped and lay in the posterolateral portion of the diaphragm. Passing through the pos¬ 
terolateral part of the hernial opening was an arterj- about 4 mm. in diameter, which arose 
below the diaphragm and arborized over the inferior surface of the lower lobe of the right 







CI,AY AND IIANIAJN: I’NKUJIOI'ERITONEUII IN DIAPltRAflilATIC HERNIA C>^ 


lunp (Flp 17, When the licmial rinp \vnB diwectwl free, the projecting ll\Tr \niji Foen 

to be a bofls with a brond pedicle eoimtricted by the dlaphmpmatic ring (Fig. 17,W). After 
this projection was pushetl down below the diaphragm, n two-lnyer eloaure of the dla* 
phmgmatic defect was carried out with Interrupted miturcs of silk. The lino of antnre 
l>egan at the central tendon and progressed toward the posterolateral chest wall, approxi¬ 
mating the limbs of the horseshoe ujitll n triangular defect cm. in sixe remained (Fig. 18). 
Further closure would have producwl undeslmhlo tension on the suture line and would also 
have ncccsHltntod division of the anomalous artery*. For these reasons the small postero- 
fateral defect was loft, and the chest was closed with intercostal catheter drainage. The 
phrenic nerve wns not cnished. 



Fit. 19.--(V. O.) Roontecnogram In posteronnterlor projection niade six weeks after 
operation. There Is iwme deration of tho richt rtlaphrapm, and tho mediastinum Is stUl 
shifted to Uie right Tlie previously licrnintod llvor Is no Joncer seen. 


The patient was nmbulalorj' from hor sixtli postoperative daj'. Fluoroscopy on tho 
thirteenth postoperative day showed no change In the mediastinal shift to the right. The 
right lung base was hazy, but there was no evidence of a hernia. The patient left the 
hospital on tho fourteenth jKiBtoperatlvo day. A fllm made six weeks after operation (Fig. 
19) shows the diaphragm intact and somewhat elevated, and the mediastinum still shifted 
to tho right. 

It should be noted that this patient had u right cervical rib, a congenital diaphrag- 
matle hernia, and an anomalous artery to tho lower lobe of the right lung, a remarkable 
triad of developmental abnormalities. 


DBOUfSSION . 

Tlio tisefulness of auy diagnostic test is determined by its npplicnliility and 
by the degree of attendant inconvenience or danger when measured against 

•Such anomalous orteriea to tho lunp have.been discussed by Bruwer CUagiretL and 
McDonald.® ^ ^ 
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the value of the iufoi’niation obtained. By these eriteida thei’e seems to be a 
place for pneumoperitoneum in the investigation of certain lesions. 

In regard to the applicability of diagnostic pneumoperitoneum, there have 
been many suggestions for its use. It has been considered applicable in out¬ 
lining the pehdc organs,® in locating subphrenic abscess,in distinguishing 
hepatic abscess from nodular cirrhosis,® and in determining whether inflamma¬ 
tory lesions lie above or below the diaphragm.® It seems ideally suited for the 
determination of the position of any lesion relative to the diaphragm, and 
there is occasional reference to its use in the voluminous literature on so-called 
eventration of the diaphragm. Most publications on the subject of eventra¬ 
tion are confusing or misleading, and for an extended critical discussion of 
the topic one should consult the re^^ews of Korns® and Reed and Borden.’^ 

Leaving et 3 Tnolog 3 '^ and historical perspective to such reviews, one may, 
perhaps arbitrarily, consider eventration as a uniform elevation of one leaf of 
the diaphragm. Such elevation may be congenital or may occur as a result of 
various poorly iniderstood lesions of the phrenic nerve or the diaphragm itself. 
Elevation of the hemidiaphragm foIlo-wing surgical crushing of the phrenic 
nerve is not considered an eventration, although it fulfills the usual criteria 
for this entity. In contrast, any localized protrusion through the diaphragm, 
whether it be congenital or acquired, and irrespective of the presence or ab¬ 
sence of a sac, may properly be called a diaphragmatic hernia. Straddling 
the issue by the use of such a term as “localized eventration” for what is essen¬ 
tially a heiTua seems to us a further source of confusion between two clearly 
delimited entities. The distinction between eventration and hernia of the 
diaphragm by roentgenographie study after pneumoperitoneum was sug¬ 
gested by Schleet and "Weis,®'" who actually employed the procedure. By 
means of pneumoperitoneum Walton’® demonstrated an eventration, and 
Pacheco” proved that a mass in the lower part of a patient’s right chest was 
situated below the diaphragm. He believed this to be an hydatid cyst, and 
only at thoraeotomj^ was it sho^vn to be a diaphi’agmatic hernia containing 
liver and gaU bladder. A number of other authors’®' ’®’ ’■* suggested that such 
a maneuver might be used, but made no mention of actual clinical application. 

It is only recently that the radiological “survey lesion” in the Iimg fields 
has rendered diagnosis and therapy in this area much more complex. Most 
of these lesions are clearly above the diaphragm, but those low in the lung 
fields can he confused with subdiapliragmatic processes. Clark and co-workers’® 
mentioned the use of pueumoperitoneum in distinguishing such pulmonary 
lesions from diaphragmatic hernia. LUienthaP® and Wolfson and Goldman” 
have reported operations for supposed mediastinal tumor in which diaphrag¬ 
matic hernia containing liver was found. In each case the authors noted that 
a pneumoperitoneum would have led to the proper diagnosis before operation. 
Patients reported by Harrington,’® Gross,’® Wagner,®® and Bradley and 
Greiner®’ were thought to .have a mediastinal cyst or tumor, and at operation 
or at autopsy all were found to have diaphragmatic hernia. In these cases it 
seems likely that roentgenography after pneumoperitoneum would have led to 
the proper diagnosis without operation. 



OL.VT AND HANLON: PNKDJIOPERITONEUM IN DIAPIIRAailATIC HERNIA C9 

After piieuindperiloneum ivns introduced into this country ns n diagnostic 
aid liy Stein and Stewart,” it enjoj'cd a liricf popularity which was diminished 
hy Case’s re])ort” of four dcatlis gathered from the literature and from exten¬ 
sive correspondence with physicians. Eight additional deaths are noted up to 
1947 in the report of Jlitchell and his as-sociates’ on therapeutic pneumoperi¬ 
toneum, and tlicrc are doulitlc.ss a number of unreported fatalities. In 1919 
Schleclit and AVels" re])orted a death due to perforation of a gangrenous area 
of the stomach three weeks after pneumoperitoneum. This appears to have 
been dne to strangulation of the stomach in a diaphragmatic heniia, and the 
authors considered it unrelated to the pneumoperitoneum. 

AVe agree that the procedure is not without danger; a fatal instance of 
air embolirm occurred some years ago in this hospital during pneumoperi¬ 
toneum designed to demnnstrnte a snbphrcnic abscess. In this case the tech¬ 
nical precautions noted jirevionsly were not observed. Most of the reported 
deaths are dne to air embolism which can he readily avoided. Despite the 
reported deaths the procedure niijicars fairly safe when judged in relation to 
the thousands of iintionts in whom theiatpeutic pneumoperitoneum is now 
being u-cd rciieatedly. 


SiniJIARV 

Pnoumoitcritoncum and subsequent roentgenography have been employed 
in four patients who were thought to have a low-ljdng intrathoracic tumor or 
cyst. All were shown to have diaiihragmatic hernia. 

A carefully performed diagnostic pneumopentoneum is a relatively safe 
procedure wliich may enable one to avoid the hasard and inconvenience of 
diagnostic thoracotomy. 
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CARTILAGINOUS TUMORS OP RIBS AND STERNUJI 

Lawhenck AV. O’Neai,, M.D., and Lauren Y. Ackebjian, JIX). 

St. Louis, Mo. 

C ARTILAGINOUS tumors of the lioiiy chest ivall ai-c onl.v infrequently seen 
hut are the moat commonly encountered type of primarj- tnmor in this 
region. Any tumor that ocems in hone may also ari.se in the rilis and in the 
sternum. Bcenusc of the .singular pi-ohlcms that cartilaginous tumors of the 
chest %viill present i-egarding iiathologj-, pmgnasis, and surgical treatment, they 
should lie given special study. 

Renews of tumors of the Ihuiv thorax are legion. In 1897, Paget'’ reviewed 
thirt.v-thrce tumors of the rilia and sternum, most of which were cartilaginous. 
Hodblom,*'’ ” in 1921 and in 1933, collected a large numher of lesions of ribs and 
sternum, hut lack of adequate follow-up ns well ns the inclusion of metastatic 
tumoi-s and non-neoplnstie conditions decreased the value of his work. Heuer’” 
and more leccntl.v Kinsclla, AVhitc, and Koueky’" have ]uescnted reviews of a 
variety of sternal le.sions; and in 1939 Unrper” studied licnign cartilaginous 
tumors of the idh. In 1942, Sommer and Major"’ collected 06 cases of primary 
neoplasms of the bony thorax which had appeared in the literntnie after Hed- 
blom’s review, and added fifteen cases of their own. Of this series of cight.v-ono 
cases, thirty-one (38.4 per cent) appear to he of cartilaginous t.vpc, both benign 
and malignant. Dorncr and Jlnrcy" in 1948 presented a similar i-erdow of the 
intervening years totaling twent.v-three cases. Fifteen (65.2 per cent) of these 
were of cartilaginous origin and wore designated ns chondroma, chondrosarcoma, 
osteochondroma, and oatcochondicsarcoma. Most of the remaining tumois in 
these scries were giant cell tumor, Eiving’s saicoma, osteoma, hemangioma, fibro¬ 
sarcoma, and myeloma. 

AVo linvo not encountered a case of osteogenic sarcoma of nb or sternum at 
Barnes Hospital, and wo feel that reported cases which are free of the suspicion 
of being chondrosarcomas arc e.xfreracly rare. This low incidence of osteogenic 
sarcoma of rib and sternum is remarkable in view of the preponderance of 
osteogenic sarcoma over chondrosarcoma in other sites. Phemister,” in review¬ 
ing sixt.v-one bone sarcomas of all sites, found fen (16.4 per cent) were chondro¬ 
sarcomas. 

Primary malignant tumors of rib and sternum comprise about 10 per cent 
of all primary malignant bone tumors.” In Qeschiektor’s largo series of 488 
cartilaginous tumors,” location in ribs and sternum was found in only nineteen 
(3.8 per cent). Of those tumors classified as benign (osteochondroma, chon¬ 
droma), 3 per cent were in the chest wall; and of those classed ns malignant 
(primorj' and secondarj’ ehondromyxosarcomn), 5.8 per cent were in the bony 
thorax. 
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From the pathologic aspect there has been a great tendeney to “under¬ 
diagnose” these tumors. Many chondrosarcomas, both in our series and in the 
reported eases, were originally called benign. Lichtenstein and Jaffe” have 
refined the histologic diagnosis of cariilaginous tumors by establishing criteria 
of malignancy winch must be found in viable actively gromng portions of the 
tumor: (1) many cells with plump nuclei, (2) more than an occasional cell 
■with two such nuclei, and (3) giant cartilage cells with large single or double 
nuclei or with clumps of chromatin. 

Eegarding the pathogenesis of these tumors, Ewing^“ and others before him 
back to Virchow considered that cartilaginous tumors could arise from normal 
cartilage or from cartilaginous rests displaced during enehondral osteogenesis. 
Jaffe and Lichtenstein®^ agreed that displaced cartilaginous rests, usually found 
in the metaphyses, are possible sites of origin of enchondromas; however, Jaffe®“ 
hypothecated that exostoses (osteochondromas, ecchondromas) are the result 
of disordered periosteal activity, and more specifically, that the periosteum may 
form cartilage instead of bone. This hypothesis would explain the occasional 
origin of cartilaginous tumoi's in rili distant from the metaphysis. 

Table I shows the eighty-five cases of chondroma, osteochondroma, and chon¬ 
drosarcoma taken from the literature -with the addition of our eleven cases. This 
does not presume to be a complete review of the literature, but only an attempt 
to collect enough cases so that some statistical conclusions might be drawi. The 
low incidence of these tj’pes of tumor is indicated by the numerous authors re¬ 
porting a single ease. The 85 eases that are reviewed were reported in 49 
articles. 

Group I (60 cases) consists of tumors diagnosed as malignant, and in Group 
TI (36 cases) are those that were called benign. Our cases are all in Group I. 
Certain difficulties, in addition to the tendenej"^ of many authoi’s to xmderdiagnose 
the tumors, were encountered in this review. Before the Bone Sarcoma Registry 
of the American College of Surgeons'® accepted the diagnosis of chondrosarcoma 
as a separate entity from other primary malignant tumors of bone, there was 
considerable confusion in diagnostic terminologjL There was also failure in 
many cases to appreciate the distinction between enehondromatous and ecchon- 
dromatous neoplasms. 

Undoubtedly many of the tumoi's in Group II are malignant. Suspicion is 
cast particularly on those cases that recurred, often several times (Cases 69, 77, 
83, 88, 89, 94). Auchincloss’ case (Case 73) must be suspected of being a malig¬ 
nant tumor because of the “identical bony nodule” in the lung. In other 
instances (Cases 62, 72, 96), the authors themselves imply that there was a 
possibility of malignancy, even though the diagnosis of benign tumor was made. 
Because of these cases, we are skeptical about the entire group, particularly the 
many ivith poor follow-up. The most convincingly benign tumor is that reported 
by Simpson®' (Case 87). Tliis tumor was heavily ossified and remained radio¬ 
graphically unchanged over a pei’iod of seventeen years. Graham'® believes that 
most of the cartilaginous tumors of the chest wall are malignant. 
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CI.INICAL KfUTORI-S 

Age .—TJie menu ago of the patients at tlic onset of sjuiploms in the malig¬ 
nant Group I rvaa 41.4 years MUth n range from 11 to 74 year's (Fig. 1). In 
Group II tlio menu age nt onset '(vns 32.6 years rrith n range from hirtli to GO 
years (Pig. 2). 

GROUP I. 


CASES AGE AT ONSET OF SYMPTOMS 

I 60 CASES; MEAN • 41.4 YRS. 



S IS 25 3S 45 55 65 75 Sal 

AGE Slolei 

P(C. 1.—Ago lncl<lonc«: chondroJttrcoina 0 / rib and atemuni. 



Piff. ~—Age Inciclonco: ao-called benign tumors of rib and etemum and of the total group. 
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Sex; Jlnlca prcdominntwl in l>oth groups. In tlio chondrasarcomn coses, 
tlierc were tliirty-nine moles ond twenty femolcs. Tlic sc.-c of one potient was 
not stoted. Of the chondromo ond ostcoeliondromo coses tllcre were twenty^me 
moles ond fifteen femolcs (G5.0 i)er cent males in Group I ond 58.3 per cent moles 
in Group II). 

Sijinplomt: In forty (GG.7 per cent) of the patients in Group I, the first 
symptom was the presence of o tumor moos. In sixteen (2G.7 per cent) the first 
s.ymptom wos poin, mmolly of three types: (1) local poin—dull and aching—at 
the site where tumor eventually appeared, (2) pleuritic pain which occurred 
chiefly in cases whore the bulk of the grouih was intrathoracic, and (3) nouritie 
pain referred along the distrihution of an intercostal neiwe. This neuritio pain 
caused confusion in one of our cases (J.W.N.) in which poin from a tumor of the 
twelfth rih was referred to the gi'oin and was thought at first to be renal in 
origin. Some of the reported cases had pain in the right upper quadrant of the 
abdomen and were originally believed to have gall bladder disease. Pain was 
more frequent as an initial symptom in the malignant group where it occurred 
in 26.7 i)cr cent than in Group II where it was present in 11.1 per cent. Host 
of the cases which had pain as the initial sjTnptom developed a palpable tumor 
later, and many of those in which the initial indication of disease was the ap¬ 
pearance of a mass developed pain ns a later sj'mptom. Three ca.scs presented 
no sj'mptoms, hut tumor was discovered on routine ])hysicol examination or 
chest roentgenogranus. Simpson" and Denk'“ have reported cases in whom 
Homer’s syndrome was present. Jinny cases, of course, developed dyspnea, 
ulceration, infection in the chest wall, and even empyema, but these are late 
phenomena and need not he considered in the early case. 

There was no essential, difference between Group I and Group II in the 
duration of sjTnptoms before the first operation (Table II). 'While nlwut half 
of the patients piescntcd themselves for treatment in the first two years, more 
than 10 per cent in both groups had ajTnptoms of ten or more years’ duration 
(Table II). 

Physical Examination .—On examination, the patients generally presented 
a hard, sometimes nodular tumor that was fixed to the Imn.v chest wall (Pig. 3). 
Occasionally soft fluctuant areas conld be felt, particularly in the larger tumors. 

Location. —Hcdhlom"’ “ and Ileuer”' found that about 80 per cent of 
all the tumors of the bony thorax arose in the ribs, and 20 per cent in the 
stemnm. In the present series of cartilaginous tumors, eighty (83.3 i>er cent) 
arose in rib and si.xteen (1G.7 per cent) arose in the sternum. There are no 
significant differences between Group I and Group II regarding site of origin. 
Any rib may be involved without preference for either the upper or the lower 
ril)s. There is a predisposition for these tumors to originate in the rih near the 
costochondral junction. Of the eighty rib tumors, eleven were not specifically 
localized. Forty-seven (G8.1 per cent) of the remaining sixty-nine tumors were 
located near the costochondral junction, eighteen (26.1 per cent) were located 
])osteriorly, and four (5.8 per cent) at other points in the shaft of the rib. Of 
the tumors arising posteriorly, most seemed to originate at the angle, and some 
in the head of the rib. 
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Table II. Summary of Clinical Features 


CLINICAL FEATURES 

OROUI' I 

60 CASES 

GROUP II 

36 CASES 

Age at onset of symptoms 





Mean 

41.4 years 

32.6 years 

Limits 

11-74 3 'ears 

Birth-60 years 

Sex 





Male 

39 

(65.0%) 

21 

(58.3%) 

Female 

20 

(3.3.3%) 

15 

(41.7%) 

Not stated 

1 


-- 


Initial symptoms 





Tumor 

40 

(66.6%) 

29 

(80.6%) 

Pain 

16 

(26.7%) 

4 

(11.1%) 

Other 

4 

( 6.7%) 

3 

( 8.3%) 

Location 



28 

(77.8%) 

Rib 

52 

(86.7%) 

8 

(22.2%) 

Sternum 

8 

(13.3%) 



Duration of symptoms until 





first operation 





2 years or less 

34 

(56.7%) 

18 

(50.0%) 

10 years or more 

7 

(11.7%) 

5 

(1.3.9%) 
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Most ol the Rtenial tumors were not further locnlired, hut location in the 
manubrium was sliRlitly more frequent tlian in the gladiolus. Origin in the 
xiphoid sconus to 1)0 rare. 

X-ra\j Exnmiiuilion. —I'endci'gra.ss, IjnlTcrt.v, and Horn”' Iiavc pointed out 
that the pathologic type of malignant hone tumor cannot be diagnosed rvith 
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certainty from roentgen examination alone. Although they found a characteristic 
roentgen pattern for sclerosing and osteolytic osteogenic sarcoma and for central 
and peripheral ehondrosareoma, there were cases that were not typical roent- 
genographically. The distinguishing feature of peripheral chondrosarcomas is 
the presence of large masses arising from bone with irregular spotty flecks of 
calcification (Fig. 4). The central chondrosarcomas are demonstrated as thin- 
walled cavities near the ends of long bones. Irregular scattered foci of calcifi¬ 
cation may be seen in the radiolucent cavity. When the thinned-out cortex is 
perforated, there may be “sun-ray” spicules of bone arising from the surface 
of the bone. 



Fig. S.—Clionclrosarcoma of rib presenting In the posterior mertiastlnum. Note ilestructlon 

of the posterior portion of the 7th rib. 

The majority of our cases were recognized on x-ray examination as being 
primarj-^ tumors of rib or sternum, and the majority were termed of cartilaginous 
origin, although one was called a periosteal fibrosarcoma and two were called 
osteogenic sarcoma. The chief error in interpretation tvas in calling malignant 
cartilaginous tumors benign. This error is probably unavoidable in many cases. 
The two tumors in our series arising from the posterior portion of a rib developed 
in the posterior mediastinum and were considered malignant neurofibromas in¬ 
vading rib (Fig. 5). Although the usual metastatic carcinoma to bone is osteoly¬ 
tic, confusion may be expected occasionally from osteosclerotic seeondarj^ neo¬ 
plasms. Osteolytic metastases may sometimes simulate enchondromas. 

MvltipU Tumors .—Six instances (Cases 14, 25, 43, 47, 50, 93) of multiple 
cartilaginous tumor appear in this series. The incidence of tumors of the ribs 
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and sternum in patients Avitli ninltiplo hereditary osteocliondroma is higli, and 
these six cases do not reflect the true incidence, hut only those in whom the 
tumor was predominant clinically. Five ot the six had malignant chest wall 
tumoi's, and two (Cases 47 and 93), and possibly one other (Case 50), developed 
a new primarv’ chondrosarcoma at another .site. Ohmously, all of these tumors 
cannot he removed, hut close ohservation is ccrlainly indicated. 

DiffereniiaJ Vinanoiii .':.—Ordinarily the diagnosis of a cartilaginous tumor 
ot ril) or sternum should not he difficult to make on the basis of histoiy, phj'sical 
e.xaminntion, and roentgen examination; hut roentgen examination may not 1)C 
ahsolntcly diagnostic, and there is often great difficulty in obtaining adequate 
roentgen views of these tumors, particularly small tumois of the sternum and 
the extreme anterior ends of ril)s. Pine flecks of calcium, important in differ¬ 
ential diagnosis, may not lie visualized. Other primary Imnc tumors os well as 
metastatic tumors must also he eon.sidercd in the differential diagnosis. Cold 
abscesses and nneuryams of the great vcs-scls eroding the chest wall may appear 
as fii-m tumors and cause confusion tempomrily. At Barnes Hospital the most 
common non-ncoplnstic condition misdiagnosed as chondroma or o.stcochondromn 
was the effect of trauma. In two instances, malunitcd costochondral separations 
were resected, and in another case, a inalunitod fracture of a costal cartilage 
was resected. In yet another case, a large nutoflexed Init otherwise normal 
xiphoid was operated on uith the preoperativo diagnosis of osteochondroma. 
Each of these patients piesented himself, three of them years after local tiauraa, 
liecausc of a “tumor” which was believed to he slowly enlarging. Roentgeno¬ 
grams were ohtaiuod in each of the.so fonr instances, hut the areas in question 
were not sufficiently well \Tsunlircd to allow the diagnosis of primary bone 
tumor to Ije e.xcluded. Neurilemmomas and ncurofihi'omns of inteieostal nerves, 
especially those growing anteiiorly, may simulate primary rib tiunor. We have 
seen such a case recently, and Frcedlander” has called attention to the possibility 
of misdiagnosis in tliis circumstance. Low gi’ade osteomyelitis has also been 
mistaken clinically for rib tumor.’* Bronchiogcnic carcinoma invading the chest 
wall should l>e considered in tlie differential diagnosis. Posterior mediastinal 
timiors of all varieties may cause diagnostic uncertainty, as AveU ns teratomas, 
thymomas, and sulwtei-nal th.vroid lesions anteriorly, particularly if they exhibit 
spotty calcification, as they occasionally do. 

If there is doubt as to the diagnosis, it may he necessary to resort to biopsy. 
Either aspiration or incisional biopsy should confiim the cartilaginous natiue 
of the tumor, but will not necessarily determine whether the tumor is benign or 
malignant. Thoracoscopy” and artificial pnonmothorax have been used as 
diagnostic measures but arc probably unnecessary in most cases. 

Gross Patlwlogu .—It is possible to determine the cartilaginous origin in 
most cases on gross examination but, as we have mentioned above, whether or not 
the tumor is benign or malignant cannot ho assessed Avith certaintj'. The osteo¬ 
chondromas, so-called, are exophytic lesions in which the bone component is not 
distributed in a disorganized fashion but arranged in lines,roughly peiTAendicular 
to the portion of bone from which it arises. . With marked enlargement of tJie 
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tumor this pattem becomes gi’eatly distorted. The neoplastic portion of this 
tumor is the cartilaginous cap. Enchondromas occur in ribs and sternum and 
present there the same pietui’e as elsewhere. The cortex is thinned and expanded 
at the site of the neoplasm, and the medullary cavity is occupied by the bluish 
or pearl gray nodular tumor. 

It is not possible in many eases to determine whether the tumor began as an 
encliondromatous or ecchondromatous lesion, because the portion of the rib of 
origin is often completely destroyed. Examples of both tjqjes may be seen in 
ribs and sternum. The tumoi’s may reach tremendous size; the largest in our 
series was 15 cm. in greatest diameter, and tumors 30 cm. in greatest dimension^- 
and the “size of a child’s head”'® have been reported. The grapefniit, the 
orange, and the lemon have been common standards of measurement. The larger 
tiunors may contain cystic areas of degeneration -with the cj^sts filled with viscid 
mucoid material which may be clear, turbid, or stained with altered blood. 
Often, too, the cysts contain material which has the appearance and the con- 
sistenej' of cooked rice. 



"T^TiTiTTTrfirTTTii 




Fig. 6.—An ecchondromatons chondrosarcoma of the 10th rib near the costochondral junction. 
The ‘'satellite" nodules are pedunculated extensions of the main mass. 


JMost of the tumoi's, even the malignant ones, are encapsulated to some de¬ 
gree. The portion of the tumor growing in soft tissue can frequently he ‘ ‘ shelled 
out” of its capsule or pseudocapsule. This encapsulation is a treacherous charac¬ 
teristic, since in enucleating the tumor, satellite nodules or portions of the malig¬ 
nant perichondriimi may be left beliind. Satellite nodules are. more apparent 
than real inasmuch as if the tumor has not been previously treated, a connection 
between nodule and main tumor may lie demonstrated. The satellite nodule 
represents a local growth acceleration of a nodule at the periphery of the main 
tumor (Fig. 6). 

The nodularity of these tumoi's, and the mosaic pattern seen on cut surface 
occasioned by the nodularity, is often striking (Fig. 7). The nodules themselves 
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nro cartilaginous aiul arc separated by thin fibrous tissue septa. The beginnings 
o£ cystic degeneration may be seen in the center of some of tlie nodules. In the 
less malignant tumors, the center of the nodules may contain calcific material 
or even bone. 

Adjacent structures may be invaded by tumor and this fact not recognised 
it the invasion is present to only a slight or inoderato degree. The advancing 
margin of the tumor, even of the most malignant, is discrete, and the adjacent 
soft tiasuc (pleura, pericardium, diaphragm, or skeletal muscle) is first displaced, 
distorted, and then invaded. It is often impossible to make the differentiation 
l)ct\veen marked distortion and slight invasion. Recurrent tumors exhibit the 
same gross characteristics as the primaiy tumois hut may not he attached to 
bone and usually contain less new bone and calcific material. 
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FIff. 7.—Cut »urface of surgical apeclmeu (chondro»arconia of Bth rib) ahowlng tho cJiaractoria- 
tlc fcUvtcnlnK pearly' uppcanuico and the inriee nojularttr. 


Microscopic Pathology. —Jlicroscopically, the osteochondrama appears to 
develop by enchondral hone foimation which does not differ a great deal from 
the normal grovdh of a long bone except that it is less orderly. The differ¬ 
entiation between an osteochondroma and a chondroma is largely a gross differ¬ 
entiation, for hone formation simulating enchondral osteogenesis is seen, but 
to a leaser degree, microscopically in most chondromas. Tho slightly or moder¬ 
ately malignant chondrosarcomas also sometimes exhibit this phenomenon, but 
in a lessened degree and a more haphaiard manner (Fig. 8). In general, the 
more malignant the tumor, by other criteria, the less the bone formation. The 
stroma may 1)0 quite varied in individual tumors and even in different areas 
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of the sanie tumor. A homogeneous, hjmline, basophilic stroma is most charac¬ 
teristic, blit in softened degenerated areas the stroma may he loose, finely granu¬ 
lar, and chromophobic. Areas of acidophilic fibrous stroma are uncommon, hut 
when found simulate a fibrosarcoma. Differentiation is possible with multiple 
sections, other areas demonstrating chondrosarcoma. 

The appeai'ance of the cells themselves, rather than the pattern of the 
tumor or tlie character of the stroma, is the most important factor in assessing 
the degree of malignancy. We accept the criteria of Lichtenstein and Jaffe^’ 
as stated previously; tlie benign tumors having regular cells with regular nuclei 
in the active portions, and the malignant tumors having varying degrees of 
nuclear atj^pism from occasional plump nuclei and double nuclei to large num¬ 
bers of such nuclei and malignant giant cartilage cells (Fig. 9). Mitotic figures 



are not common in cartilaginous tumoi-s, hut wei'e seen in two (20 per cent) of 
our eases (Pig. 10). Dirtsion by amitosis is the rule. Nuclear atypism is a 
better criterion of malignancy than the celhilarity of the tumor. For instance, 
a tumor with the cells widely separate in a liyaline stroma hut with a high 
incidence of atjTiical changes may he more malignant than one in which there 
is little stroma between the cells and a lower proportion of abnormal nuclei. 
The individual cells may be lacunated in hyaline stroma, stellate in mucinous 
stroma, or spindle shaped. 
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Elp. 9.—Photonilcrogroph ahowlntr n roll with two nuclol. Wlien double nuclei axe 
more than occasloruxl number*, u Alngnoabi of chonrtrosorcoma can be ma 
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In a number of tumors in our sei'ies, the incidence of atypical changes 
\aried from one field to anotlier. In one tumor (J.H.I.) malignant change could 
not be identified in the bulk of the tumoi’, but sections from the edge showed 
definite ehoiidrosareoma. Lichtenstein and Jaffe^’ also noted this phenomenon 
of varying malignancy in the same tumor and emphasized the hazards in patho¬ 
logic interpretation, particularly of small biopsy specimens. 

The terminolog;^' applied to these tumors, chiefly on the basis of microscopic 
appearance, has been unnecessarily complex. In the tumors designated as 
myxochondroma and ehondromyxosarcoma the addition of the qualifying myxo- 
adds little to the diagnosis, since the mucoid substance is not neoplastic but the 
product of degeneration. The nuclei in mucoid areas tend to be pyknotic and 
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Fig. 11.—^Photomicrograph of a moderately malignant chondrosarcoma. Note the variation In 

nuclear size. 
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fragmented. Similarly, the designation osteochondrosarcoma is unwarranted 
since the bone in these tumors is not neoplastic but the stable product of a 
process resembling enchondral bone formation. All cartilaginous tumors should 
and can be designated as either chondroma or chondrosarcoma for purposes of 
simplification. The term osteochondroma is, however, well established by long 
usage, but it should be kept in mind that the neoplastic portion is the advancing 
cartilaginous cap and not the underhung bone, though the bony portion may 
comprise the bulk of the tumor. The osteoma may be an asteochondroma in 
which the cartilaginous cap has atrophied and disappeared. 

Treahncnt. —Of the ninety-six cases reported and reiuewed here, four were 
not treated because of advanced disease or refusal by the patient to be operated 
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upon. All nttenipt has been made to classify tlie ti’catment of the remaining 
ninety-two ca.scs into five categories, according to the “radicalncss” of tlio 
operation. In a foiv cases, iiisufllciciit information uas gi\en to allow elasaifica- 
tion. The eategorica are: 

(1) InsufRcieiit information for cliiMificntioii 

(2) Obviously inadetpiate removal—tumor partially removed 

(3) Kemoval—Limited operations such as currcttuig, “shelling out,” 

chiselling tumor off bone, tumor removed piecemeal, tumor I'up- 
tured with spilling of contents into wound. 

(4) Resection—^Excision of tumor and segment of bone of origin, with 

varying, but limited, amounts of adjacent soft tissue. 

{.9) Radical resection—Excision of tumor ivith segment of rib of'origin, 
adjacent ritis, underlying iilouni, and overlying skeletal muscle 
cn bloc. This is a minimum and further structures may be in¬ 
cluded in the exci.sion ns indicated by the extent of the tumor. 



Prom the reports in the literature, the category of operation has been as¬ 
signed as nearly as possible (Table I). We freely admit the possibility' of 
occasional error. Categories 1 and 2 are sdr-cxplanatoi-y. ConceiTiing categmy 
3, violations of the capsule or pscudocapsule which took place in “shelling out,” 
removing piecemeal, or in accidentally rupturing the tumor, are included because 
of the almost uniformly poor results following these procedures in spite of wide 
resection elsewhere (Fig. 12). Seeding of the wound with tumor cells is gug- 
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gested. Cases in categoiy 4 often had wide resection of the chest Aral! with 
limited depth to the excision. Because the pleura is in such intimate proximit.r 
to the invoh’ed rib, it is often immded early and must be remoA^ed AAotli the 
block dissection. As early as 1897, PageC® pointed out the desirabilit.y of being 
prepared to enter the pleural caAity and of remoA'ing pleura, portions of adherent 
lung, pericardium, and diaphragm when dealing A\'ith cartilaginous tumors. 

We feel it is important to remoA'e rather long segments of rib. Although 
UpshaAv and his associates®® found that chondrosarcomas do not usually exhibit 
intramedullarj’’ extension for more than three inches in the inA'olAmd bone, recur¬ 
rences in the rib stump seem to be fairly common. That marroAv extension is 
not the only reason for remoAung long portions of rib A\'as shoAvn by the ease 
of Halpert and DaA-is^® in which microscopic nodules of tumor Avere found in the 
periosteum distant fi’om the tumor. The intercostal muscles aboA'e and beloA\' 
the tumor .should also be remolded, a procedure executed AAUth least danger of 
transecting tumor nodules by remoAung .segments of adjacent ribs. 

Othei's^^’ ®® haA'e stressed that radical resection for malignant tumoi’s of 
rib should include the structures outlined in category 5. Of course, the diagnosis 
of malignancy should be assured before undertaking such a mutilating operation, 
but in A’ieAv of the fact that tumors of cartilaginous origin are either actually 
or potentially malignant, and that the malignant and benign cannot be dis¬ 
tinguished AAuth certainty on clinical gi’ounds or on the basis of a single biopsy, 
AA'e adAmeate radical resection for all monostotic cartilaginous tumors arising in 
ribs and sternum. Radical resection of the chest AA'all can he done AAuth little 
deformity or loss of function compared to radical resection of a lesion of the 
humerus or femur Avhich means tlie loss of an extremity. Rib is expendable. 
Jaffe and Lichtenstein®^ reported uniformly good re.sults Avith curettement of 
solitarv' benign enchondromas of Ijone, but tlieir cases Avere largely lesions of the 
bones of the hands and feet Avhere the propeusity to malignancy appears to be 
less than in tlie chest AA'all. It is not reconunended that curettement be done for 
apparently benign enchondromas of rib or sternum. Wide resection of the chest 
AA'all should add but little to operative mortality and morbidity, but a great deal 
to insurance against recurrence. 

Adequate radical resection cannot usually be carried out for those tumors 
invading deep into the mediastinum or into A’ertebrae, but the caprice of indi¬ 
vidual timioi’s may alloAv an occasional cure eA'en under these circumstances if 
resection is as radical as possible. InAmsion of lung does not contraindicate 
resection; portions of hiA'olA'ed lung haA’e been®®’ and should be included in 
the block resection since Avide local invasion may occur in the absence of distant 
metastases. Indeed, even before 1894^® portions of involved lung were removed 
along A\dth the chest wall at least six times. 

The knowledge of repaii-ing large defects in the chest Avail Avill help insure 
more liberal radical resection. Gangolphe and Tixiert® in 1909 tii’st suggested 
the use of a metallic piDsthesis to replace the resected sternum, but this and 
similar devices have not been A\ddely used. To repair a veiy Avide resection of 
the sternum, Kinsella, White, and KouckA'®® fixed long tibial grafts in the opera- 
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FIp. —A primary cartllaglnoua tumor of femur. The entire tumor >\'aj relatively 

acellular. A dlacno^la of chondrosarcoma was ntado only by ilemoruitratlng a mcnlerate number 
of atypical nuclear change#. 
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tive defect with resulting good stabilitj'. Bisgard and Swenson'* suggest mortised 
rib grafts for the same purpose, I)ut usually such types of repair are not needed. 
Head^® resected the manubrium nuthout replacement with no resulting de¬ 
formity. Richardson®® and Bradshaw and Chodoff® successfully resected the 
manubrium, portions of both clavicles, and both first costal cartilages ^vithout 
considerable deformity. Graham*® removed all but the upper half of the ma¬ 
nubrium, dividing all costal cartilages bilaterally except the first (Case C.D.M.) 
■without resultant disability. Heuer®® found the removal of the lower two-thirds 
of the sternum to be functionally “a minor matter.” 

Follo'wing chest Avail resections for tumors of rib, Watson and James®® used 
fascia lata to assist in the repair of the defect in four cases, Avith r&sulting good 
stability and lack of herniation of the limg in all. After a large resection of 
the chest Avail, Piekrell and co-Avorkers®* successfully placed a split thickness 
skin graft on the pericardium with no incapacitation to the patient. Janes®* 
dirided the ribs adjacent to the defect and used these as a pedieled bone graft 
to partially bridge the gap. Maurer and Blades*® concluded from their experi¬ 
ence Avith defects of the chest Avail occasioned bj’ AA'ar trauma that “any defect 
of the chest Avail, regardless of size, can usually be repaired by plastic procedures 
inAmh-ing only structures Avhieh are part of the chest Avail, namely rib, perios¬ 
teum, and muscle.” They considered the most important feature of the large 
repair to be the covering of the defect Avith bone or Avith periosteum Avhich Avould 
foiTU bone. 

The only circumstance in AAhieh immediate operation is not recommended 
for chest wall tumors of cartilaginous origin is for the case of multiple carti¬ 
laginous tumors in which one or more of the tumors are located in rib or sternum. 
These tumora are usually first eAudent in childhood; after adolescence the rate 
of groAvth of the benign exostoses slows doAvn, and during adult life no neAV ones 
form.®® It AA’Ould seem rational to obserA'e these patients closety and to operate 
on only those tumoi-s that continue to groAv, groAV at an increased rate, or appear 
after adolescence; that is, on the tumois most apt to be mabgnant. 

Roentgentherapy has no place in the primary treatment of chest AA^all chon¬ 
drosarcomas, and generally achieA^es little or nothing when administered for 
palliation. 

Results of Operation .—Tables III and IV detail the results of operation in 
all eases. Pour patients in both groups Avere not operated. There were 143 


Table III. Outcome op 102 Operations on 58 Patients* 
(Group I Cases) 





NO FOLLOW-UP 


DIED OF DISEASE 

LniKG AND 

OR FOUOAV-UP 


died OF OPERATION (5 CASES) 

WELL. MORE 

LESS THAN 

OPERATIONS 

LIVING AVITH r.ECDRRENCE 

THAN 2 A-R. 

2 ATE. 


Categorj' 1 
Category 2 
Category 3 
Categorj- 4 
Category 5 
Totals 


24 

20 

18 

24 

16 

102 


16 

16 

16 

8 

78 


3 

2 

6 

17 


•Two cases not operated. 
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Tahle Outcome of 41 Operations on 34 Patients* 
(Group II Cases) 




1 

NO FOUaO\V*FP 


DIEn OP PIBEASE 

LlVIKn ANP 

on poIaLow-up 


HIEI) OP OPERATION (S CASES) 

wELii iionn 

less than 

OPEHATION 

uviNo \'rrrn hecurrence 

THAN 2 YIL 

2 YTl. 


Category 2 
Category 3 
Category 4 
Category 5 
Totals 


3 

6 

20 

8 

41 


4 

_0 

10 


1 

1 

12 

23 


•Two cnAos not opemtctt. 


operations in 92 patients exclusive of biopsies. It is impossible to determine 
“cure” rates because of the lack of adequate follow-up in many cases. 

In operative categories 3, 4, and 5 tbc duration of time until recurrence 
was stated in thirty-two cases: in twenty-si.x (81.2 ])er cent), recurrences were 
noted in the first two years, and of the remaining six, recurrences appeared be¬ 
tween two and five years in three, and three patients (9.4 per cent) wore ap¬ 
parently well and ivithout endenec of recurrence until eight, nine, and nine 
years following operation. Therefore, a minimum follow-up period of two years 
is necessarj- to determine outcome in most cases, while follow-up for life is 
probably necessarj- to detei-mine cure rates for the entire group. Nineteen of 
sixty cases (31.7 per cent) in Group I, and twenty-three of thirty-four cases 
(67.7 per cent) in Group II were followed less than two years. It is very proba¬ 
ble many of the Group II lesions have since rccuiTcd and displayed themselves 
as overt chondrosarcoma. Greater I'catraint in reporting inadequately followed 
cases is recommended. 

Of the eases reviewed and imported, thirteen iiatients were linng without 
evidence of recurrence for more than two ycai-s following attempted curative 
(Category 3, 4, and 5) operation. Six of these thirteen tiunors (Cases 11, 16, 
35, 43, 44, and 60) were chondrosarcomas (10 per cent of the 60 chondrosarcoma 
cases); and seven (Cases 74, 78, 79, 81, 88, 90, and 93) were classed as benign 
(19.4 per cent of the 36 Group 11 cases). As shmvn in Tobies III and most 
of these suiwivors had the benefit of Catcgoiy 4 and 5 operations. It is signifi¬ 
cant that tliree of the apparently cured patients (11, 35, and 88) were operated 
for recurrence and were alive and well nine years, eight years and six years and 
ten months, respectively, follmving the second operation. 

Two additional patients (Cases 13 and 89) wore reported Ui-ing and well 
for nine years and five years following inadequate (Category 2) operation. 
This is inexplicable except by assuming (hat judgment about the operation was 
incorrect or that quiescent or slowly growing tumor still lurks undetected by 
clinical examination. 

There were no outstanding clinical differences regarding sex, duration of 
symptoms, or location between the thirteen sunivors and the group ns a ivhole 
(10 rib, 3 sternum). The age at onset of sjTuptoms averaged about four years 
younger than that of the entire group. 
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EVOLUTION 

Natural Histovij .—It seems certain that chondrosarcomas may arise from 
pre-existing chondromas and osteochondromas, although the majority' are clini- 
eall.y malignant from the start. The development of the tumor from benign to 
malignant has been ti’aced pathologically.*® The tendency' to underdiagnose these 
tumors has made the evaluation of this point very' difficult. Furthermore, al¬ 
though HarpeF® has emphasized the impossibility' of determining clinically' when 
a benign tumor changes into a malignant tumor, in most of the cases in which 
chondrosarcoma was thouglit to arise in a pre-existing benign tumor, the basis 
of the assumption was on clinical grounds. That is, a tumor present for many' 
years with a steady' slow rate of growth began to enlarge more rapidly, and 
malignant change was thought to have taken place. Many cartilaginous tumors 
develop in this manner, and perhaps the increase in growth rate is a logarithmic 
expression of the growth pattern of a tumor actually' malignant from the start. 
Even those cases of chondrosarcoma in which an earlier microscopic diagnosis of 
benign tumor was made cannot always be used to prove malignant change, be¬ 
cause the all important nuclear aty'pism may be overlooked or impi-operl.v 
evaluated. Some tumors demonstrate vaiying degrees of differentiation, and 
sections may' not include the more malignant part. Three of our tumors were 
originally called chondroma, but on review of the original slides it was evident 
that chondrosarcoma was present at that time. Eecurrences often appear 
histologically more malignant than the initial tumor,**’ *^’ but this phenomenon 
is not a consistent finding. "We examined tissue from four patients on two or 
more occasions over periods from two to nine y'ears. In one instance the histologic 
degi’ee of malignane.v increased, and in the remaining three the recimrences w'ere 
histologically' identical to at least parts of the original tumor. 

Metastases are uncommon and occur as a late phenomenon and then often 
after several local recurrences. The metastases may' appear more malignant than 
the primaiy tumor and even resemble a fibrosarcoma (Pig. 13A and B). In 
only' one of our eleven cases was a metastasis to the lung evident on initial 
examination. Metastases are usuall.v hematogenous, but may be due to seeding 
of the pleura, as Churchill® suggested regarding Case 28 in which nodules in the 
pleura appeared following a lobectomy for metastatic chondrosarcoma. The lung 
Is the commonest site of hematogenous metastases; metastases to the epidural 
space ranks second in the reported cases, suggesting extension via the inter¬ 
costal veins to the vertebral veins. 

Eoberg*" concluded that chondrosarcomas of the distal portions of the 
extremities were inherently more favorable lesions than those more proximally' 
located, and that as the site of the tumor approached the axis the malignancy 
was greater. We do not necessarily agree that this is a biologic phenomenon of 
chondrosarcomas. The more unfavorable prognosis of a chondrosarcoma as it 
approaches the axis can be partiaUy explained by the increasing technical 
difficulties of its surgical removal and the greater reluctance on the part of 
the surgeon to perform a radical procedure. Further indication that Eoberg’s 
thesis may' be correct, however, is found in Jaffe’s** report of patients vdth 
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imiltiplo liercditnr}' exostoses. In his tlirec cases (out of 28 patients wiio liad 
muIti])lo tinnors) tlint develoi>ed eliondrosareomn, the ninliRUnnt tumors were 
located in a relatively central position: ilium, rib and sacrum. Confirmation 
of tliis point awaits a study of loop term follow-up in many patients with 
cartilaginous tumors of all sites. 

It has often l)cen said”-"' that an incomplete operation greatly accelerates 
the rate of growth of a ehondro.sareoma, hut we found that many in this scries 
had e.xhibited an increasing rate of prondh before operation. Thirty patients 
who survived openition but were not cured of discn.se were followed until death 
or for long periods while living with recurrence. Eighteen of these (60 per cent) 
were dead nithin the fifth .year after the onset of fu'mptoms and seven (23.3 
per cent) lived for ten years or longer, two of whom lived leit/i perxisient 
eliondrosareomn for twenty-eight years. 

Prognosis .—-The evaluation of progno.siB entails the consideration of many 
factors. Chief among these are the l.\'pc of operation and the pathologic nature 
of the tumor. In cei-tain of our eases dying of disease, it is po.ssible in retro3i>ect 
to asac.ss certain pathologic features which arc of prognostic significance. We 
realize the hazards of such conclusions in a small scries and appreciate that such 
prognostic assessment is only approximate. Table Y illustrates this. 

The presence of mito.ses is the gravest sign and is associated ndth rapid 
growth and e.xtension; in our .small scries the two cases presenting mitotic figures 
wore the only two in whicli evidence of distant meta-stases was found either 
initially or later. The life span of the patient is also directly proportionate, in 
a fair number of cases, to the incidence of plump nuclei and double nuclei. The 
presence of lame, e.specially demonstration of a simulation of enchondral bone 
formation, implies some degree of differentiation. Actually the patients who 
demonstrated this lived longer even though uncured. In this respect it should 
be remembered that the tumor mnst be judged by its most malignant part, and 
the finding of an area of tumor cartilage forming bone by enchondral bone 
formation is not compatible mth a good prognosis if another area is highly 
malignant in its microscopic appearance. 


Table V. Features of Prookostic BroNinoANOE 



iiiniiLY 1 

MALIONANT | 

lIODERATELr I 

irAUOKAKT 1 

LOW-ORADE 

MALIONAKrr 

Mitotic figures 

present 

not found 

not found 

ilultiDncleatc giant cells 

present 

rare 

not found 

Plump nuclei and double 
nuclei 

high incidence 

frequent 

low incidence 

Encliondml bone formation 

not found 

not found or 
bltarre nnd 
ditto rganired 

frequently 

present 

Prognorifl 

m posslbilltj of cure with 
mdiral operation 

verj' poor 

fair 

good 

b. survival uncured 

<*5 yenni 

t 6 years 

>5 years 





106 


THE JOURNAL OF THORACIC SURGERY 


CONCLUSIONS 

1. The clinical aspects of cartilaginous tumors of ribs and sternum are 
reviewed and eleven cases of chondrosarcoma are added to those found in tlie 
literature. In the past, poor results have resulted from treatment of cartilaginous 
tumoi's, partly because of failure to appreciate the nature of these tumors, and 
partlj" from a tendency to surgical conservatism. 

2. Cartilaginous tumoi*s of ribs and sternum are either actually malignant or 
potentially malignant to a high degree. Tlie preoperative differentiation between 
benign and malignant cartilaginous tumors cannot be made with certainty. 

3. The histologic criteria of malignancy in cartilaginous tumoi’s, as estab¬ 
lished by Jaife and Lichtenstein, are valid when applied to tumors of ribs and 
sternum. Prognostic evaluation is possible on the basis of histologic findings 
provided adequate radical resection is done. 

4. Adequate radical resection of chondrosarcomas arising in ribs and 
sternum entails I’emoval of a long segment of bone of origin, its periosteum, 
adjacent muscle, underlying pleura, and usually adjacent bony structure. 
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CLAJIPS FOR END-TO-KND ANASTOMOSIS OF BLOOD VESSELS 

Beiixard C. Chabbon, 1LD.“ 

CmoAoo, Ii-L. 

S INCE Crarooiil performed the first successful o])eratioii for n coarctation of 
the aorta in 104-1, several clamps hove been domed to make this operation 
a safer and easier procedure. The clamps devised hy Bradshaw and later by 
Potts have accomplishcfl much in this vcsi)cct. The instruments descrilKkl herein 
have definite advantages and have proved to be very satisfactorj’ in our hands. 



Pie. 1. 


These clamps were made by a macliinbrt from two straight Kelly clamps. 
Two longitudinal gitioves were cut over tlie transverse grooves in the jaws, 
resulting in three rows of small teeth. The shank of the clamp was bent, as 
ilhistrated, so that the ratchet could be i-oplacod b.v a thumb screw (A). The 
ja\vs of the clamp were made slightly convex so that equal prc.ssure would be 
c.xortcd along their entire length when the clamp was applied to tlie aorta. 

From the I>opartment of Surcerj' of the Unlversltj' of ChtcaBo, 
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To eliminate the tedious and difficult job of holding the vessel ends in the 
eon-ect position during the performance of the anastomosis, a small •\ase was 
made to hold the clamps in place. The parts of the \dse, which were made of 
brass, ma}^ be seen in Fig. 2. 

After the vessel has been mobilized, both clamps can be applied and tight¬ 
ened ^vith a thumbscrew (A) sufheientbv to stop pulsations. The vessel will then 
remain secure in the clamps and the coarcted area may be resected. 


c* 



Figr. 2. 


The clamps are then placed and locked in the rtse by tightening the screw 
(C). A small brim {E) prevents the clamp from slipping out. 

While the vessel ends are still separated, a stitch ma}’’ be placed at opposite 
points of the anastomosis and tied after the clamps are approximated and locked 
with screw {B). The application of the remaining sutures is not difficult when 
the ends of the vessels are maintained steadilj’- in the proper relationship by the 
prertously described apparatus. The posterior row can be made after the 
clamps and vise are turned over (as one piece) to tlie other side. 

After the anastomosis is completed, the vise is removed. The distal clamp, 
followed by tlie proximal clamp, is slowly released by unscremng the thumb¬ 
screw (A). 
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PNKUJIONECTOJIV Y’lTH RRPLANTATIOxV OP THE LUN(? 
IN THU uoa POn physiologic STUDY 


A.vdre a. .Il'vexeu.e, JI.D., Coi.kmax Citret, II. D., Ciiari.es E. 1Vii.es, .Ir., 
JI.D., .AXD .lOHX D. Stewart, JI.D., Buffalo, N. Y. 


I T IS well kno\\’n that many problems of lung and cardiopulmonnr)' pbysiologj- 
remain unsolvod. So many complo.x and variable factors are involved in the 
rcapouaos of this system that our knowledge of the subject often is more theoret¬ 
ical than actual. Previous investigators have learned much from section of 
the hilnm of the lung and perfusion of the isolated organ for short periods of 
time.’ By similar methods tlie cardiopulmonarj' rclle.xcs have been studied in 
relation to the problem of pulmonary emlmlus. Ixittle, liowever, is known about 
the entity almost universally called broncliospasm. The concept is useful in 
c-vplaining many phenomena; nctunlly its e.vistcnce lias yet to be proved. In 
asthma, for example, it has long been postulated that in certain cases a “trigger 
point” somewhere in the bmly can bo the initiator of an attack. This llieoiy 
assumes tlie existence of roflc.x aivs wliicli must originate in various sensitive 
areas. Tliesc areas may Im in i-elatively remote parts of tlie body, such as tlie 
skin, pclric organs, etc. The importance of sensitive areas in the lung itself in 
initiating reflexes must lie fnrtiier clarifield. Attempts to relieve astlima by 
interrupting the autonomic nerves to tlie lung logically follow tliis unproved 
b.vpothesis. Tlie uneertainty surrounding tlie mutter is well illustrated by tlie 
opposing views of tiiose advocating the varioiLs surgical treatments of so-called 
bitractablo asthma. 

It seemed to us timt a eomplcte denervation of tlie lung, followed by 
plii-siologlc studies, would lie useful in appi-oaching these iiroblems. tVe thouglil 
that a complete denervation of the lung could licst lie accomplislied iiy precise 
dissection of nil olcmenls of the liiluni, severing these elements completely, tlien 
reimplanting tlie lung Iiy direct anastomosis of all structures. 


J. SiiruciW. Unl>-<-n.Ur i>t HuRnlo Alcillcnl School nn.l tlio riluniM 

Recelvefl for publlcntlon July 10, 1050. 
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TECHNIQUE 

The demonstration of the feasibility of the preparation of such an animal 
is the chief purpose of this report. After several unsuccessful attempts we have 
succeeded in ha^dng a dog survive such an operation. The operation was per¬ 
formed May 26, 1950.* A review of the technical measures involved follows: 

Anesthesia .—The method of anesthesia is of prime importance. Preliminary 
narcosis is achieved Avith intraperitoneal nembutal. The free communication 
between the left and right thoraces of the dog demands mechanically controlled 
alternating pressure anesthesia. Our first attempts were made with the con- 
-yentional “windshield wiper” tjiie of apparatus, but this proved to he unsatis¬ 
factory. Following the report of Dameron and Greene at the April, 1950, meet¬ 
ing of the American Association for Thoracic Surgery,^ we obtained one of the 
Burns valve apparatuses, and have found that it greatly facilitates our work, 
although falling somewhat short of perfection. The machine functions perfectly 
throughout most of the procedure, delivering an ether-oxygen mixture to an 
intratracheal tube vdth an inflatable cuff. It is only during the period of anas¬ 
tomosis of the severed bronchus that supplementary tubing must be introduced 
into the opposite main bronchus to maintain respiration while the bronchial 
anastomosis is being done. The operation is a time-consuming one, but is ap¬ 
parently well tolerated with the use of the Bums valve. Intrapericardial 2 per 
cent procaine is used freely throughout. 

Operative technique .—The right chest is opened in the usual manner 
through the bed of the sixth rib. The azygos vein is clamped, divided, and 
ligated to facilitate exposure of the hilum. All pulmonary ligamentous struc¬ 
tures are tlien divided, -with ligation of minor vessels w'herever necessa^J^ The 
right main bronchus is carefully freed by sharp dissection and meticulous hemo¬ 
stasis back to the bifurcation of the trachea. The bronchus is then divided with 
a scalpel, and the proximal stump promptly and snugly closed mth Allis for¬ 
ceps, allowing respiration to be maintained by the opposite lung. Using the 
distal bronchial stump for gentle upward traction, the operator proceeds with 
the dissection of the posterior aspect of the pulmonary artery and veins. In 
order to obtain sufficient lengths of these .structures it is essential that the dis¬ 
section be carried intrapericardially until (a) the trunk of the pulmonary 
artery is reached, and (b) the entrance of the superior and inferior pulmonaiy 
veins into the left auricle is demonstrated. Attention is then directed to the 
anterior aspect of the vessels. The completion of the dissection of the artery 
offers no further difficulty. In order to visualize the veins fully, however, a 
plane of cleavage must be developed between the veins and the right auricle. 
This dissection begins in the pericardial fat alongside the right auricle and 
proceeds toward the left auricle until the enti^nce of the veins into that auricle 
is reached. It should be noted that in the dissection of the veins from the 
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auricle the piano of cleavage must be more or leas created, since a natural one 
does not appear to be well defined. When the dissection is correctly done there 
should be two or three centimeters each of superior and inferior vein between 
the auriele and the first branchings. Numerous small bleeding vessels will be 
encountered and must be controlled. It is also easy to enter the thin-walled 
auricle inadvertently, a complication greatly increasing the difficulty of the 
procedure. 

When the dissection is completed the artery and veins are successively 
handled in essentially the same manner, the sequence being artery, superior, 
then inferior pulmonary vein. Each vessel is occluded as near the heart as 
possible, using a clamp devised by one of us (A. J.), (Pig. 1). This clamp is 
a modification of the one devised by Freeman’ for side-to-side vascular anas¬ 
tomosis. It opens at one end so that it may be slipped on and off an intact 
vessel. It has no long handle, but is controlled by a small thumb screw, tlvus 
occupjing little space and allowing free access to all sides of the anastomosis. 



rii:. 1. 


DistaUy the vessel is occluded with a Blalock clamp. After occlusion the vessel 
is divided and reanastomosis done with 00000 silk by the classical technique of 
stay sutures converting tlie rovmd structure to a triangle. Bleeding should be 
mmimal after completion of the anastomoses. 

Finally, the bronchus is anastomosed with interrupted sutures of 000 silk.*'* 
It is during this step that the supplementary anesthesia tubing is required. 
Since the bronchial stump is open, the intratracheal tube cannot be effective and 
the oxygen-ether under pressure must be introduced through a tube placed in 
the open bronchus and leading into the opposite main bronchus. As many anas¬ 
tomosing sutures as possible are placed and tied with this tube in place. The 
remaining sutures are all placed but not tied. The tube is then withdrawn and 
traction quickly applied to the untied sutures, thereby closing the anastomosis, 
^esthesia is immediately resumed through the intratracheal tube. The remain¬ 
ing sutures may then be tied without significant leakage at the line of anas- 
Stomosis. As much plenralization of the hilnm as possible is then done. Thor? 
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should be prompt rc-expausion of the luii*; following completion of tlie bi’onchial 
anastomosis. The chest is closed in the u.sual mannei-. Penicillin is given for 
five days po.stoperatively. Anticoagulants have not been used by us. 

»ISCUS.S10N 

Following survival of this pj’ocedui’o by an animal in our laboratoiy, various 
(|uestions must be answered before the iircparation can be put to its fullest use 
as a tool in physiologic experimentation. Our first efforts have been directed 
toward verification of the mechanical integrity of the leimplantcd lung. Before 
closure of the chest it was directly ob.served that the respiratory cycle was grossly 
normal. The lung was well inflated. Pulsations of the pulmonary artery were 
seen and felt well beyond the line of anastomosis. A free flow of blood was 
observed in the veins. Thereafter daily percussion and auscultation of the 
chest, with frequent fluoroscopy, have shown apparently normal ventilation. 
On the eighteenth postoperative day angiocardiography was done. The pul¬ 
monary arterial tree was well visualized with no apparent difference between the 
right and left sides. These findings led us to believe in the mechanical integrity 
of the lung. 

The functional integrity, in the sense of oxygenation of tlie circulating 
erythroc.rtes, is more difficult to prove. Studies are planned, find have been 
begun, to determine the oxv’gen saturation of the blood under varying conditions 
of: (fl) luiilateral pulmonary ventilation, (h) differing o.xygen partial pressures 
in the two lungs, (c) contralateral pneumonectomy, and (d) contralateral 
pneumonectomy with reimplantation of the lung. Attempts will be made to 
induce reflexes b.v means of chemical and electrical stimulation of tlie two lungs 
separately. 

These studies wiU be repeated at regidar intervals to foUow the effects 
of nerve regeneration if and when it occurs. 

In the near future an attempt will be made to effect an exchange of lungs 
between two animals. 

The severance of the luug hmiphatics, as accomplished by this procedure, 
has caused no observable effects to this time. 

CONCI.USION.S 

1. A technique is presented whereby a dog's lung is completely denervated 
by jierforming a pneumonectomy and rejilanting the lung by anastomosis of its 
bronchus, artery, and veins. 

2. At the present writing one animal has survived this operation with 
apparent mechanical integrity of the lung and is undergoing further study to 
prove functional integrity. The animal is in good health now, five months after 
tlie operation. Serial studies are being carried out to inve.stigate regenerative 
jihenomena. 

3. It is hoped that the method will offer a useful tool for the further elucida¬ 
tion of problems of pulmonary physiology. 
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SUEGICAT. TEEATMENT OP THEEE CASES OF PLEUEAL 

SAECO]MA* 

S\'EN Ea;mstrom, M.D., and Helge Hellstex, MJ)., 

Gothenburg, Sweden 

T he pleura consists of endothelium resting upon a thin basal membrane and 
a subendotlielial layer of connective tissue rich in elastic Abel’s. Of malig¬ 
nant tumors involving the pleural tissue, the endothelioma is the most common. 
It probably arises from endothelial cells, and is often called a mesothelioma to 
indicate the mesothelial character of the cells and their ability to form neo¬ 
plasms of both epithelial and connective tissue (Jlaximow and Kux). Malig¬ 
nant degeneration of the subendothelial connective tissue is thought to give rise 
to pleural sarcomas. iMicroscopically these growth are often round-celled sar¬ 
comas, but also spindle-ceUed sarcomas have been described, and mixed tumors 
such as fibro-, angio-, chondro-, and fibroxanthosarcomas ai’e common. While 
certain foi’ms of sarcoma may be operable, the endothelioma is generallj’ in¬ 
operable on account of its infiltrative mode of gi’owth. 

Judging by the Mterature, pleural sarcomas are rare. Seydel (1910) found 
only one pleural sarcoma in 10,000 autopsies. In 1931 Lichtenstein could trace 
only thirty-one eases in the entire literatui’e. Since that time no collections 
have been reported. 

Lichtenstein di\'ides sarcoma of the pleura clinically into three groups. 
The first group is characterized by high malignancy and extensive spread over 
tlie surface precluding surgery. Hemorrhagic effusion is regular. In the second 
graup the sarcoma is likewise ver^* malignant but of less extensive spread. It 
is very infiltrative and often invades the tissue of the lungs; hemorrhagic effusion 
is common. The third group is much more interesting from a surgical point 
of Anew, because many of these cases can be treated radically. They are well 
demarcated and clinically benign. They are as a rule not attended by pleural 
effusion. However, their microscopic structura is that of a sarcoma. They 
differ from the tumors of the first two groups in that they do not metastasize 
and show no tendency to recur. 

Lichtenstein assigns eight of liis cases to this third group, but only one of 
them was operated on (Quincke and Garr6). Further descriptions of operated 

From the Surgical Clinic 11. Sahlgren’s Hospital. 

Received for publication Xlaj' 22, 1950. 

•It is doubtful that these cases should be called sarcoma. It vould seem that Stout’s 
name, "localized, benign mesothelioma” is to be preferred.—^Editor. 
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cases of pleural sarcoma have been published by Jacobaeus aud Key (one case), 
Klemperer and Habin (one case), and Fawcett (one case). 

The majority of the cases of pleural sarcoma reported in tbo literature were 
not diagnosed before autopsj’. In most of them the tumors were extensive and 
probably assignable to one of Lichtenstein’s first two groups (e.g. Klemperer 
and Babin, one case; Jacob, Jais, and Alison, one case; SIcJInhon and Jlallorj', 
one cose), and in these cases surgerj' would probably have been of no avail even 
if they had l)een diagnosed in an early stage. But also well-demarcated pleural 
sarcomas have been described (e.g. McNamara, Sargent, and Costich, one 
case) in which tlic patients had, however, sought aid so late that their general 
condition was too poor to permit surgical intervention. Stout and Murray have 
described a tumor similar to ours which they regard os a localized benign pleural 
raesothelioma. By using tissue culture methods tliey found that the tumor ac¬ 
tually originated from mesotheljum. t, 



FIs. I. 


An important reason why the number of operated cases is so low as com¬ 
pared witli the number observed at autopsy is the lack of symptoms of this type 
of pleural tumor. The disease is not attended by anemia or cachexia. The 
growth escapes attention' until it has attained such proportions as to compress 
neighboring organs, when the first symptoms such as dyspnea and signs of cir¬ 
culatory insufficiency will appear. But by then tlie patients are in such a poor 
condition, and the tumor has extended so much, tliat radical surgery is im¬ 
possible. 

We have treated three cases of localized pleural saiToma at our Cbnic. 
All three were discovered incidentally in the eourse of routine roentgen , ex- 


118 


The jOuRxaL op thoracic surgery 


amination. The patients had been given no trouble by the tumoi's, all of wliieli 
had attained the size of a fist. 

Case ], 105/47. A 35-.year-old seanmu, who had hitherto felt Iiealthy. When the pa¬ 

tient was called up for military service, routine roentgen examination revealed an oval, 
homogeneous, structureless soft tissue density of 8 by 9 by D centimeters (Fig. 1) in the 
left half of the chest. The tumor, the center of which lay on a level with the bifurcation 
of the trachea, extended up to the lateral wnll of the che.st on. a level with the fifth rib. 
It was located interlobularly, and it could not be decided whether it had originated from 
the lung, the hilus, or the thoracic wall. The aorta could be projected by itself. There was 
no pleural effusion. Bronchography failed to demonstrate any connection with the bronchi. 



Fig. 2. 


Operation .—Wide thoracotomy after removal of the fifth rib was performed. The 
pleura was then incised under positive pre.ssurc, after which the pres.sure was gradually 
released, and the lung collapsed. It was observed that the fist-sized tumor had originated 
from the lateral thoracic wall, to which it adhered with a rather broad base (4 by 4 
centimeters) on a level with the fourth intercostal space in the posterior axillary line. 
The surface of the growth was covered with smooth, shiny pleura, which coidd be stripped 
from the tumor without difficulty. At its base it was adherent to the hemiazygos vein, 
part of which was therefore removed after ligation on either side of the growth. The 
tumor had apparently grown from the subpleural connective tissue. No connection could 
be observed with the intercostal nerve or vessels, all of which were dissected and in¬ 
spected. After enucleation of the tumor the lung was expanded by positive pressure and 
the wound closed. 

The tumor, which was encapsulated, showed a homogeneous cut surface like the flesh 
of a fish. Microscopically, it showed the characteristics of a fibrosarcoma with a tendency 
to develop into a spindle-celled sarcoma (Fig. 2). The postoperative course was uncvcnt- 
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ful. except for a moderate pleural effusion, which was aspirated on two occasions. The 
patient received postoperative radiothe^ap 3 ^ At reexamination two and one-half years 
after the operation he felt well. 

Case 2.—2609/48. In a hitherto healthy 58-year-old woman who was submitted to 
roentgenography of the heart and lungs on account of hypertonia discovered by chance, 
the roentgenogram showed a well-defined, round tumor, about 6 centimeters in diameter, 
in the right half of the thorax (Fig. 3). The upper border of the tumor was on a level 
with the fourth rib, while the lower border extended down to the seventh rib. No grooving 
of the ribs could be observed in the roentgenogram, nor could any fluid be discerned in 
the pleural cavity. A benign tumor, possible' a dermoid cj'st, was suspected. 

Operation .—Wide thoracotomy after removal of the sixth rib was performed. After 
the lung had been collapsed, the fist-sized tumor could bo inspected. It was almost round, 
its surface was smooth, and it had a broad base originating from the fourth and fifth 
intercostal spaces. The tumor was covered -with a smooth, shiny, and somewhat thickened 
pleura, from which it was easilj' separated. The intercostal nerves and vessels had not 
been involved by the tumor, which had not invaded the periosteum of the ribs either. 
The tumor had presumablj’- arisen from the subpleural connective tissue. Here, as in the 
previous case, enucleation was eas}' and apparently' radical. The lung was expanded by 
positive pressure, and the wound closed. 
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Operation .—Wide thomcotomy by roroovnl of the fifth rib waa performed. The fiit- 
alied tnmor was sceo immediately lateral to the trana^'erse processes and on a level vrixh 
the fourth rib. The lung Tras adherent to the entire surface of the tumor from which It 
was separated by blunt dissection without any damage to the pulmonarj’ tissue. Thu 
tumor had n broad attachment (7 by 7 centimeters) to the posterior thoracic wait The 
tumor was lined with a somewhat thickened, but smooth and shiny pleura. After a 
lambdold Incision in the pleura the tumor could be enuclentod. Enucleation presented no 
difficulties, and it was observed that the tumor had originated from the subpleural con* 
nectlve tissue in the fifth intercostal space. The intercostal nerve and vessels were not 
Involved. The pleural defect loft after the removal of the tnmor was covered with the 
above-mentioned lambdold flap. The lung was expanded with positive pressure, and the 
incision closed. 

The tumor was encapsulated, and Its cut surface showed a homogeneous, fleshy ap¬ 
pearance with a few almond-sized cysts containing n clear fluid (Fig. 6). Jlicroscopically, 
it showed the characteristics of xanthofibrosarcoma (Fig. 7). The piwfoperative course 
was uneventful, except for a moderate offosion in the pleural caNnty, which was aspirated 
twice. After the wound had healed, radiotherapy was given. At reexamination, three 
months after operation, the patient was s^Tuptom-freo. 

The three eases described above have mucli in common. They were all dis¬ 
covered by chance; they were all clinically benign pleural sarcomas (Lichten¬ 
stein’s third group); they were ail fist sired, round, and well demarcated, but 
with the obvious micro.scopic structure of sarcomas. 

In spite of the proportions they had attained they liad given no symptoms, 
but had all been diseovofed at routine roentgen o.xanunntion of the chest, and 
in middle-aged patients. » 

In these cases no conclusions can be dmivn as to the rate p{ g^o^vth of the 
tumors. They show, however, that a well-defined density in the roentgenogram 
ought not to be regarded forthwith as a benign tumor not requiring surgery. 
We did not resort to e.vploratorj' aspiration os a diagnostic aid, because in a 
few other instances in which the tnmor was a dermoid cyst,*^ the cyst content 
spread outside the tumor, and, if, as in these three cases, the tumors had been 
malignant, the risks attending exploratory aspiration would probably have been 
still greater. Neither did wc make use of diagnostic pneumothoiw, because 
such a procedure would hardly have influenced the indications for operation. 
Jloreover, we have found pneumothorax to favor serous effusion. 

Unless contraindicated for some other reason, all tumors with this x-ray 
picture indicate surgery, because the tumor might be a sarcoma. In spite of 
the clinically benign behavior of the sarcomas mentioned above, they grow and 
thereby compress vital organs, and finally lead to death. In the three cases 
described above the tumors could bo enucleated without difficulty. When carry¬ 
ing out such an operation, however, one must be prepared for lobectomy or 
pneumonectomy, unless the eitrapnlraonary location of the tumors can be 
established at preoperative roentgenography. The tumors respond to radio¬ 
therapy, and in the three cases under discussion postoperative radiation was 
given. 
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Fig. 0. 
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SUMMARY 

Sarcomas of the pleura are rare. One group of tliese tumora is of great 
clinical interest because the growths may be treated successfully by surgery if 
discovered early enough. 

They have the microscopic structure of sarcomas, but do not behave like 
malignant gro-wths. They are well demarcated, they do not metastasize, nor 
do they show any tendency to recur. Only some ten cases have apparently been 
described in the literature, and only a few of these have been operated on. 

These sarcomas generally give no symptoms until they have assumed con¬ 
siderable proportions and then compress adjoining vital organs, but by then 
they are often inoperable on account of the large extent of their gro^vth and 
the poor condition of the patients. 

Three personally operated cases of sarcoma. of this type are described. 
None of them gave symptoms, and aU of them were discovered in the course 
of a routine examination of tlie chest. They are fist-sized and easy to enucleate. 

The importance of surgical treatment of well-defined tumors in tlie chest 
is stressed. 
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RECONSTRUCTION OF DEFECTS OF THE THORACIC WALL 
WITH TANTALUM JIBSH GAUZE 

(Prelhiinary Report op Two Cases) 

Alexander E. W. Ada, MJ)., and Enoel P. Hen-enor, JI.D.* ^ 
NE^v York, N. Y. 

T he repair of defects of the thoracic wall has been accomplished in various 
ways, as outlined below. But, wc believe that these arc the first reported 
cases in which tantalum mesh gauso has been used. When tumors of the chest 
wall are radically removed or trauma leaves defects, herniation of the lung may 
occur unless some firm reconstruction is performed. 

Tufiier,” in 1891, treated a lung liemia of the second intercostal space by 
removing the sac and closing the pleura. Ho gives no definite description of any 
repair of the outer layers. Volger,'* in 1898, presented a case of Ituig hernia 
near the right Imrdor of the sternum, following fracture and displacement of tlie 
right tliird rib. He suggested that an osteoperiosteal flap of tlic sternum or 
second or fourth ribs could be made and swung into the defect. Vulpius,^' 
in 1900, operated on Yolger's patient, and split the second rib and costal 
cartilage near the sternum into an anterior and posterior half of bone and 
cartilage. Then ho swunp: the medial end of the anterior split portion dotni, 
and attached it to the sternal remnant of the third rib vvith silver wire. The 
lateral end remained attached in its normal position. The hernia recurred after 
ouo year. Graham,' in 1922, treated a cervical lunfe hernia by packing the 
region with iodoform gausc and removing the gaiue five days later. Montgomery 
and Lutz,” in 1925, repaired a hernia of the fourth anterior interspace by turn¬ 
ing a dap of periosteum and perichondrium from the anterior surface of the 
fifth rib and cartilage into the fourth interspace. An osteocartUagenous flap 
of the fourth rib was then made by splitting it in two from above dovvnward, and 
turning it down, hinging it on its periosteum and perichondrium. Goodman,' 
in 1933, repaired a hernia of the fiftli interspace by dissecting out the pleural 
sac, and closing it after the redundant pleum had been removed. Then tlie 
anterior periosteum was turned down from the fifth.rib and up from tlie.sixth 
rib, and sutured over the weakness.. Winkel,” in 1935, wove strips of ft^ia 
lata betw'een the ribs or endothoracie fascia to close a weakness in the thoracic 
wall. Watson and James'* modified tliis technique by closing the defects with 
single, large, free fascia lata grafts. Maurer and Blades," in 1946, used peri¬ 
osteal flaps and ribs cleaned of periosteum, cut across, and swung obliquely 
down to cover defects. They reported that Paulson had attempted to use a 
tantalum plate to cover a hernia of the lung, but had abondoned it because of 
the difficulty of immoblization. Bcardsly' used tantalum plate in three cases 

RecelN'od for publication July 17, 1960. 
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when rec'onstiTieting the chest wall after resecting large areas. The patients were 
comfortable, but in the three ea.ses they developed serous drainage from around 
the plates, and in two eases the serum became purulent. The plates were later 
removed in all three cases, after there had been a fibrous reaction around them 
giving stability to the thoracic walls. Campbell^ reconstructed the entire thick¬ 
ness of the anterior thoracic wall by freeing the latissimus dorei nmscle from 
its insertion and swinging it up into the defect, and covering the muscle with a 
free split thickness .skin graft. When the skin is involved in the tumor and lias 
to be sacrificed, this method has advantages over the others that liave been 
described. The surface can lie epithelializcd bj^ a free graft, and dependence 
is not placed on flaps of skin and subcutaneous tissue, whose survival may be 
precarious. 



Fig. 1.—Preopemtlve roentgenogram of the chest In Case 1. showing tumor of the right chest 
wall with partial destruction of the sixth rib. 

When the sldn and subcutaneous tissue do not have to be removed, we have 
used tantalum mesh gauze in reconstructing the thoracic wall. Tantalum mesh 
gauze is more pbable than plate, and has been used successfully in the repair 
of a variety of hernias, ventral, indirect inguinal, dii-ect inguinal, obturator, and 
recurrent inguinal.'’’ More conservative treatment consisting of a eoi-set with 
a pad or obturator over the deep defect can be used, but it is not curative.” 
One prefers not to burj' a foreign substance when repairing a thoracic licrnia, 
but if the defect is large this method may offer a satisfactory solution. In the 
two cases presented herein, tantalum mesh gauze (50 by 50 mesh of .003 inch 
tantalum wire) was used to I’oconstruct large thoracic defects. 
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CAHK HKl’ORTS 

C.\KK 1.— 8t. Luke'n Jlojqiitul, No. A Uin-202, A Cl->'i‘flr-t)ld wliito nmn \vnn ndmitted 
on Dec. 18, lfM8, with Intermittent jwvin In the ri|;ht Infm^cnpulnr region, usually brought on 
by coughing. He had n chest roontgenogmm taken seven months before admission which 
was negative. When the pnin i>eniistcd cholccystogmtii followed by a roentgcnogrnphlc exami¬ 
nation of the colon wore porfomiM, and the only abnormal finding >va8 diverticula of the colon. 
There ^va^‘ no history of hemoptysis, prodnctlvo cough, or weiglit loss. One week l>eforo nd- 
minsioD, or npproilnmtcly sc\‘rn months after the first roontgenognini, a second roentgonogmni 
of the chest revculeil u tumor of the lateral chest wall extending from the level of tho second 
to tho fourth anterior Interspaces, The tumor had npimrcntly dcstroyrNl tlio sixth rib in the 
region of tho nxllla. Tho main density proJocte<l medially for ni>proxlmately o rontlraeters 

(FIr. !)• 



Hit'. 5-—Tlwruo Incliidlnff the tumor, I'etuoved from tho rlaht cheat wall In Cmo 1. PhotoRmpli 
of tho pleural mirfacc. 


On physierd examination tlie patient was a well-developed man who did not appear 
neutcly or chronically HI. Temperature ^vns II8.S* t'., blood pressure 12UA4. ilyes, ears, 
nose, and throat were normaL Lungs were clear to percmoilon and auscultation, and no masses 
couhl be felt in the tlionicic walL Tlie Uver wtis at the costal margin. No abdominal mosses 
were felt. Neurologic exandnotloii gave cwntinlly normal findings. 

Laboratorj’ examination showed a hemoglobin of 00 per cent (8.8 Om.), red blood cclU 
3,000,000, white blood cells 5,300, polymorphonuclear leucocytes 00 per cent, lymphocytes 30 
per cent, monocNics 4 per cent. Tliere >va8 moderate hypochromia and slight nnbwjcytosia. 
Urlnoiysii sliowed an acid reaction, a specific gravity of 1.020, a 1 plus albumin, and was 
negative for Bence-Jones protein. On microscopic examination on occasional white blood cell 
was seen, and there were numerous liyallne costs. Urea nitrogen was 11.8 mg. i>cr cent. 
Scram proteins wore 0.8 Gm. per cent, albumin 4.0 Qm. (00 per cent), and globulin 2.8 Gm. 
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eitrated wholo blood on liis third postoperative day; ou the same day he dcveloiwd nuriculur 
fibrillation, and signs of fluid in the right thorax. The auricular fibrillation subsided spon¬ 
taneously, and right thoracentesis yielded 300 e.c. of bloody fluid. A right thoracontesis was 
done again on the fifth postoperative day, and 275 c.c. of bloody fluid were removed; 80 c.c. 
and 50 c.c. of serous fluid were aspirated from the wound on the fifteenth and seventeenth 
postoperative days. No further thoracentesis or aspiration was required. He was dischnrge(l 
on his twenty-first postoperative day without sedatives or analygesics. 

The patient has been given urethane treatment by Dr. N. L. Higinbotham of Memorial 
Hospital, New York City; and at this time, one year after operation, there is no suggestion 
of otlier bone lesions. The patient’s right thorax is comfortable, and there is no lung hernia. 
Upon deep inspiration there is slight decrease in expansion on the right side. Follow-up 
chest roentgenograms, eight months after operation, are shown in Figs. 4 and 5. 



Fig. G.—^Anterior-posterior view In Case 2 showing a rounded density In the left upper lung 
field. Localized partial destruction of the posterior fifth rib can be seen. 

Case 2.— St. Luke’s Hospital, No. 178-Olit. A 50-year-old man was admitted on Feb. 1, 
1050, with pvecordial pain of five days’ duration, wldch began while bending over. He had 
two coronaiy occlusions in 1045 and a third in 1947, for whicli he had been admitted to an¬ 
other hospital. After the onset of pain, a physical examination and an electrocardiogram were 
done at the hospital where he had previously been treated for coronary artery occlusions. No 
changes were noted, and the patient was sent home. The pain became more and more severe, 
and began to radiate down the left arm. Coughing and deep breathing were painful, and 
there was expectoration of thick yellow sputum. 

Moderate dyspnea and orthopnea had been present since 1945, but tliere was no history 
of ankle edema, weight loss, chills, fever, hemoptysis, or night sweats. 
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On cxaniinntion tlic pntiont nppcnrctl olilcr tlinn IiIa stiiteil npo. Tompernhiro waa 0S.4* 
F., lilooU prcaanro 122/74, ]mlBG SO, and reapimtions 22 jwr minute. E,\th, cars, noeo, nnd 
throat were nominL The vhcut ahenred nn incrcntMMl nnterlor-poaterlor diameter and fair 
expansion, and ^^l8 rlenr to perruJwioM und auscultation. Tlicre wna deep tendemefw elicited 
by pereussion in nn area .1 cm. by .1 cm. just to the left of the left nipple. The heart sounds 
wore of fair quality and n*gular, without murmurs or thrills. On cxanilninp the al>domen, 
tho liver descended 2 enu below tho costal margin on deep inspimtiou nnd was quite tender. 
No nlidominnl nias.'(ea were felt. Rectal exnndnntlon was negative. Tlio prostate gland Avns 
of normal aixe nnd consistency. Proctoscopy to eight inches was negative except for sninll 
internal ItcmorTlioids. 

Ijilmmton.' cxaniinntion eliowetl a normal rod cell and white Idocsl cell count, nnd 
urinal\Tis. Bloo<l Mnzxini was negntive, blood urea nitrogen 12.1 nig. per cent, blood sugnr 
70 mg. per cent, si*rum phosphorous 2.8 mg. per cent, serum nlknlino phosphatase 4.1 Bodnnsky 
units, scrum acid phosphatase n.3 Gutman units, cr)'throc)ic sedimentation rate 20 mm./lir. 
The sputum was negative for acid fast hacllU. The stools were negative for occult blcKxl. 



1’.—Lateral view In Case 5 showinff the denaltj' aituatetl in the upper posterior thorax. 

An x-ray examination of tho cliest showed n tumor, 10 cm. in diameter, situated In the 
posterior portion of tho left upper long field. Tliere were Increased vascular markings, 
oblitomtion of tho left costophrenic sinus, and 'slight cardiac enlargement. Repeated roent¬ 
genograms sliovrcd progressive increase in the size of the lesion, nnd localized destruction of 
the fifth rib (Figs. 0 and 7). Bronclioscopy wns negative, and bronchial washings examined 
by the Papanicolaou technique were negative for malignant colls. Skeletal x-ray survey 
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failed to reveal any other bone lesions. Gastrointestinal and urological investigations showed 
no abnormalities. Electrocardiograms gave evidence of an old posterior coronary occlusion. 

Six weeks after admission a left thoracotomy was performed under endotracheal nitrons, 
cyclopropane, and ether anesthesia. The thorax was entered through the sixth interspace, 
and a tumor appro.ximately 10 cm. by 10 cm. by 4 cm. was seen attached to the fourth, fifth, 
and sixth ribs just to the left of the transverse processes. It was also attached to the 
periphery of the left upper lobe. A block e.xcision of approxfimately 15 cm. square of the chest 
wall was performed consisting of fourth, fifth, and sixtli ribs, intercostal muscles, parietal 
pleura, tumor, and peripheral portion of left upper lobe. A 15 square centimeter piece of 
tantalum mesh gauze was then made with the edges doubled under, to fit the defect. Drill 
holes were placed in the adjacent ribs, and interrupted tantalum wrire was used to hold the 
mesh in position. A Foley bag catheter was placed through a stab wound in the eighth 
interspace and attached to underwater drainage. The outer structures of the chest wall were 
closed as in the previous case. During the operation the patient received a transfusion of 
500 c.c. of citrated whole blood. 



Fig. 8. —^Anterior-posterior view In Case 2, one month postoperatlvely. 

On gross pathologic examination the specimen consisted of a tumor mass 7.5 cm. by 
8 cm. by 4 cm., attached to the inner surface of three ribs, each of which \va8 13 cm. in 
length. The inner surface of the tumor was covered with smooth, shiny serosa except for a 
ragged section of lung tissue. On microscopic examination there were sheets and cords of 
tumor cells tending to form small glands. The cells varied in size and shape, and in one 
section were invading bone marrow. Diagnosis was metastatic adenocarcinoma involving 
the chest waU. There was nothing in the histology to mggest the origin of the tumor. 
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Postopcratlvoly, the patient reeoIvoO 200,000 unit« of penicillin intrnmuscnlarly every 
th honrs for the first eight poatopemtlve days. The temporatnre rose to 102.2* F. on the first 
postoperatlvo day, and fell to normal on tho second postoperative day, whore it remained. The 
catheter wns removed from the thorax on the seventh postoponitive day, and no aspirationfl 
of tho thorax were required. There was pain in tho incision following operation, but it 
gradually decreased, and the patient was comfortnhlo at the time of discharge on the twenty- 
first postoperative day. 

On physical examination one month after operation tlie Incision was well healed, wltli 
only slight tenderness In the region of tho repair, and there was no evidence of lung hernia. 
There wns sllglit decreased expansion on the loft side when taking a deep breath. Check-up 
roentgenograms showed the tantalum mesh gauto to be in position In the defect; most of 
the tantalum ^v^ro sutures, however, were broken (Pig. 8). 

disoubsion 

In the two coses presented, tantalum mesh gauze lins heen well tolerated 
by the tissues during the relatively short period of ohscn'ation. "We believe it 
is superior to tantalum plate, when tho defect occurs in the region of tho ribs, 
where there is motion and shearing stresses and strains. The mesh can be 
fashioned to fit any type of defect, and is readily fixed in position with tantalum 
wire to hone or soft tissue. The plate would probably he more useful for re¬ 
pairing defects of the stenium, or for stabilizing tlie upper anterior thorax 
after removal of the manubriam and sternal ends of the clavicles. The gauze 
has remained in situ, and the patients have been fairly comfortable since the 
time of discliargo. Tho tenderness displayed in tho region of the repair of the 
second patient may be due to the irritation of the broken wires. 

The tumor in the first case was to all appearances a solitary plasma cell 
myeloma. In such cases, destruction or removal of this type tumor appears 
justified.*'' In the second case, the tumor was an adenocarcinoma of as yet 
undetermined origin. Operation has afforded tho patient relief from pain, but 
there is some tenderness in the region of the repair. 

SUMJIAHT 

1. llethods of reconstruction of tho thoracic wall have been reriowed. 

2. A method of repair of tlie thoracic wall is presented, wherein tantalum 
mesh gauze has been used to fill the defect of the bony thoracic wall. Two 
cases -with this tyi>o of reconstruction are presented. 
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OBSERVATIONS ON DIVISION Ob' ADHESIONS IN OPAQUE LOBES 

Alfred J. Cofxlo, JLD. (Barcelona) 

Barrow-in-Porness, Engl-xnd 

I N THESE dn.ra, wlion the treatment of pulnionniy tuberculosis seems to 
oscillate Ixitweeu such extremes ns streptomycin at one end and Itmg re¬ 
section at the other, Iroth l>eing recent acquisitions in tlie treatment of this dis¬ 
ease, to talk of “blnek-out” lobes in artificial pneumothorax in relation to heal¬ 
ing may sound rather out of place to some. This subject has been investigated 
and disciLsscd at great length by acvcrnl authors years ago, and although opin¬ 
ions are still divided nlmut its beneficial or dangerous effects, I feel that the 
last word has not yet Itecn said, and further contributions to its clnrificatiou 
should still bo welcome. 

From time to time reiwils have appeared in the Jounmls devoted to tuber¬ 
culosis where, after having operated on a few hundred eases of artificial pneumo¬ 
thorax, the author feels obliged to tell as about his restilts with the Jacobacus 
operation. 

These results aixi usually given with a great profusion of figures, charts, 
and tables. The conclusions almost invariably contain figures on sputum con¬ 
version, cavity closures, pleural complications, cures, improvements, and so on, 
thus putting down into arithmetic something so variable and poliomorpliic in 
its verj' nature as is the behavior of tHljorculous lesions in different individuals. 

From the review of such papers one principle seems to stand out and domi- 
nalo the whole field of this operation, namely the mechanical conception that a 
successful Jacobaeus operation is one in whicli all adhesions have been severed, 
wherever they are, whatever their tj'pc may be, i-egardless of their number, 
h'ortunately, all the authors arc agreed on the dnngcroirs practice of tearing 
broad adhesions halfway ent, particularly if they arc apical and close to the 
tubci-culons lesioas. 

I often wonder how much scientific ground there is for the widespread Im- 
licf that adhesions aie the main source of pleural complications in the pneumo- 
Ihorax; also for the other accepted principle that a pneumothorax with ad¬ 
hesions cannot l)e a good pneumothorax. In pulmonary tuberculosis nothing 
cun bo easier than to prove anjdhing, from the senseless contention that early 
hemoptysis can l>o a .sign of good prognostic significance to the not so senseless 
theory that pleural tliickening may encourage healing b 3 - starting a process of 
I)oripheral flbrogenesis. 

Side by side with an ineffective pneumothorax free from adhesions it is 
quite ea.sA- to put another one, where, despite “inseparable” adhesions there 


riec€l\T<l for piibUc-ntlon Aup. 10. lOTili. 
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exists selective collapse, and yet the result has been satisfactory. This is not 
only so in relation to sputum conversion, but also where closure of cavities is 
concerned. The nature of tuberculous lesions and individual resistance to the 
disease is such that the closure of cavities and resolution of infiltrative lesions 
does not always come about by such a simple maneuver as the cutting of a few 
bridges of pleural tissue. The importance of pleural adhesions in pneumothorax 
is not a quantitative factor, but rather one of quality, hlore important than the 
adhesion itself is its relation to the underlying lesion, its influence, unfavorable 
or even favorable toward the progression or regression of the diseased area. 
Everybody has witnessed the progression of a tuberculous lesion despite a good 
pneumothorax, and vice versa. 

The tendency nowadays, however, is to submit more cases of pneumothorax 
for early thoracoscopy wdth a view to division of adhesions, even if none can be 
seen in the roentgenogram. 

I feel that the importance of the presence of adhesions in pneumothorax 
has been rather overestimated, probably because it is a relief to our conscience 
to feel that should a complication appear in the course of refills, no blame can 
now be pinned on such an elementarx’^ precaution as is the severing of any 
offending adhesions that may be present. As if a pneumothorax with or without 
adhesions were not, in itselfy a dangerous procedure! “Walking on the edge 
of a volcano” Robert Coope has called it. 

Needless to say, the excellent results obtained in well-selected and skillfully 
managed cases, justifies the increasing use of this form of treatment, and this 
being so, we must be prepared, now and then, to meet such complications as 
pleural effusions, spontaneous pneumothoraces, etc. 

Alexander and Deist estimated that only 14, or 25 per cent of all cases of 
pneumothorax are suitable for adhesiotom 3 ^ About 40 per cent of pneumo¬ 
thoraces are unsatisfactory on account of the presence of offending adhesions 
(Matson). From the results obtained by many authors, 60 per cent of these 
pneumothoraces can be converted into satisfactory ones division of the ad¬ 
hesions, othenvise onlj^ 15 per cent of them may prove to be w'orth while 
continuing with. 

As for complications, I think it is safe to put the incidence of pleural 
effusions, large and small, at 40 per cent of all cases submitted to adhesiotomy, 
8 per cent of them turning empj^eraatous soon, or later on after the operation 
if the treatment has been continued for longer than six months. 

With regard to these complications I feel it is only fair to say that they 
do not represent a regular event in the routine work of a chest surgeon. I feel 
that the highest incidence of empyemas following adhesion section in any given 
series represents the impleasant tribute paid by the surgeon for his first hundred 
eases. The incidence of pleural complications decreases gradually proportionate 
to the skill and experience of the surgeon. I wonder hoAv many of the 19 per 
cent of empyema cases of Matson, 14 per cent of Matill-Jennings, 8 per cent of 
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Goorn’itcli, and 13 por cent of P. W. Kdwnrds did iiappcn among the first 
iiundred cases operated upon, and if they would got the same figures today 
with tlieir broader and much increased knowledge of the technicalities of this 
operation and better selection of cases, etc. 

On revieiring the work on the Jneobacus operation, published by Jaeobaous 
himself, Alexander, Anderson, llatson, Brock, P. W. Edwards, Cutler, Marcus 
Pinner, Xalabarder, Laird, Aubroy-Joncs, Goonritch, Stemmerman, Weber, 
Herholtz, 0 ’Shaughnessy, Neivton, Chion, and others, I find Giat s]>ccial empha¬ 
sis has been placed on such items ns simtnm conversion and caivty closure, un¬ 
doubtedly the main objectives of this operation. Next, these authors concentrate 
their investigation on operative and postoperative complications, technique cm- 
ploj-ed, results according to the extension of the disease, etc., but no information 
can bo found as to the radiologic and pathologic types of the disease, a point 
of considerable importance. Apart from Coryllos who left ns an enthusiastic 
defense of the beneficial role played by atelectasis in pneumothorax and other 
papers dealing with this subject along polemical lints, no practical work can 
be found on a largo series of such cases. It is not reasonable to be dogmatic 
cither for or against lobar atelectasis in pnciunothomx just because bad or good 
results have been obtained'in a small group of eases. "Black-out” lobes may 
result in caWty closure and sputum conversion in some cases, and may also 
bring about a dangerous state of affairs for I’easons not yet well established. 
This paper is an attempt to bring more light on the interpretation of this ap¬ 
parent paradox, and is based on the experience of over 300 cases of the Jacobaeus 
operation. A total of 57 cases of opaque lobes have been studied and compared. 
As a result it is felt that the beneficial effects of lobar atelectasis observed in 
one group of cases and the bad results obtained in another are not solely due 
to the classical division of tuberculous lesions into productive and exudative— 
other factors also play an important role. Cases of transient or temporary 
atelectasis observed during pneumothorax are not considered in this series. 

Of the three main theories put forward for the e.xplanation of “opaque 
lobes” in pneumothorax, namely, bronchial obstruction (Coryllos), pneumonitis 
(Pinner), and active contraction of the alveoli (Xalabarder), we feel that none 
can be accepted as a single causative factor. By Bronchography it has been 
shown that in a number of cases of opaque lobes lipiodol may not only fill the 
main bronchi and secondary branches, but also the most distal alveolar territories, 
and this is taken to be a clear proof that there can be lobar atelectasis without 
bronchial occlusion or exudative engorgement. 

By thoracoscopy it is quite common to see small piuk patches of aerated 
lung tissue amid large areas of airlcssness—^“breathing zones” of Xalabarder. 
Radiology and thoracoscopy have shown that there are two main types of opaque 
lobes in pneumothorax: the flabby, wrinkled, bluish-colored lobe, triangular in 
shape; and the tense, roundish, shiny, grayish-colored, densely opaque one. 
This distinction in color, consistency, and shape is paramount because the prog¬ 
nosis of the pneumothorax in one case or the other is vastly different. 
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As a rule, on doing a thoracoscopy witli a view to adhesion section, tlic 
firet movement of the surgeon is to find out whether there are any adliesioiis 
present, tlic type of tliese adJiesions, where they are inserted, if the.y are oper¬ 
able or not, etc., and little or no attention is paid to the appearances of the col¬ 
lapsed lung. The observation that cavity closure in opaque lobes is not neces¬ 
sarily the consequence of complete adhesion section led me to follow closely the 
behavior of this type of pneumothorax ever since 1943. In my experience total, 
incomplete, or partial division of adhesions in roundish and solid opaque lobes 
with ca\uties within does not alter mattei-s much. If incompletely freed the 
cavity pereists in the middle of the homogeneous den.sit.v, or even may "balloon.” 
If freed completely it simply descends and gravitates over the remaining aerated 
lung by its hea^’^er weight, giving quite often rise to atelectasis of the whole 
lung, a dangei'ous .state of affair's and one which would call for hasty reexpan- 
■S'ion measures such as withdrawal of air, frequent change of posture, even 
bronchoscopic suction, this last procedure of no avail in sudden reflex apneu- 
mato.sis. 

On tile contrary, triangular-shaped ojiaquc lobes give a great perccniagc 
of cavity clo.suras even without adhesion section, proidded that thc.se adhe.sion.s 
are not inserted against mobile straetures of the che.st wall. I am not advocat¬ 
ing the discontinuance of the practice of adhesiotomy in these cases. As many 
adh&sions as possilile should be severed in any ca.se of pneumothorax, but in¬ 
operability or incomplete di^^sion is not alwa.vs .synoinnnous with failure. 
Alexander and Andereon found that 41 per cent of their cases had incomplete 
divi.sion of adhesions, yet in 28 per cent the re.sult of the treatment was satis- 
factor.v, and in 16 per cent definitely improved, Goorwitch had 69 per cent of 
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iMcoini)Ietc divisions, yet 44 of 102 cases of incomiilcte ndlicsiotomy slioned 
satisfactoiy i-claxnlion of the diseased hiiig. Aii))roy-.]oncs had 32 ineomiiletc 
dh-isions of 401 eases, v-itli 13 ]K!r cent of the former successful enough to 
justify their eontinuanee. In llatson’s series of 20fi cases, 83 could not I>c 
completely divided, and 16 of these eases (7.7 per cent) did quite well. Unver- 
rieht had 26 iwr cent of goo<l i-csults in the ineompletc division group, and 
(Iravesen's flgui-c for tlie same graup was 33 per cent. 

Unfortunately, for the suppoi-t of iny thesis, none of these authors siteeify 
the type of lesions present in those pei-eontnges of gooel results following in¬ 
complete adhesiotoniy. Also, tlic term ‘•incomplete” may mean half-way-cut 
adhesions or partial division only (some adhesions being loft undivideel). 



y\g. 1.—^Trlunculftr *'opaqu« lobe" (bcnendal). RounOlth "opaque lobe" (dariBeroua). 

In the series presented here on the results of the Jacolmeus operation in 
opaque lobes, the best I'esults have been obtained in the “partial du’isiou of 
adhesion” group, where one or two adhesions hud to bo left undivided and 
attached to the upper mediastinum or to an immobile slmcture of the chest 
wall. Tins apical attachment api>ear8 to act as an ancliorage which would stop 
the apex from falling doivnwardLs, also contributing to the triangular shape of 
the lobe. If this apical anchorage is considered to be hamful on account of 
its teiLsive action on the underlying lesions and there are also diaphragmatic 
adhesions, thus making this tension a longitudinal one, the rational tiling to do 
next is to paralyae the corresponding hemidinjihragm, resorting even to a short 
period of pneumoperitoneum (see Table I), if necessarv-, before abandoning 
the pneumothorax. 

Once established, this distinction between triangular and roundish opaque 
lobes, the former beneficial, the latter dangerous, it is essential that we should 
try to find out the reasons for their different behavior. Why is it that in one 
case the lobe woidd collapse almost immediately, after a few refills, girtng the 
impression of being soft, wrinkled, with a tendency to gradnal and progressive 
retraction, while in the other cases the opaque lobe remains always solid, tense, 
really opaque, maintaining its consistency and spheroidal shape until or without 
adhesion section. Also, why is it that in the first group cavities tend to close 
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readily, while in the second group they seldom do, if at all? The answer to 
these questions must surely lie m the underljdng anatomopathology of the 
affected lobe prior to the pneumothorax (Pig. 1). 

With this in mind I have reviewed and compared the films of 57 eases of 
opaque lobes, before and soon after induction of the pneumothorax. Tliey fall 
into two main groups, one termed “preatelectatic stage” by Xalabarder or 
‘‘spastic lung” by Tapia, in which the affected lobe appears decreased in size, 
the mediastinum displaced toward the diseased lung, and the corresponding 
hemidiaphragm raised. The lobe is not completely ‘‘cut off” from the pul¬ 
monary aeration as can be proved by bronchography (Pigs. 2A and B). The 
pulmonarj" pattern has not entirely disappeared, and, although there may be 



A. B. 

Fig.' 2.— A, case of beneflclal''“opaque lobe" resulting In cavity closure. Bronchography has 
failed to show blockage of the main divisional branches of the upper lobe. (Fig. 21?.) 


triangular or fanlike areas of shadow radiating from the hilum (usually the 
posterolateral segment), the apical and pectoral segments may still remain 
aerated. It is quite possible that there may be a certain degree of bronchial 
dilatation, but this bronchiectasis is rather a ‘‘dry” one, uncomplicated, harm¬ 
less. Not infrequently there is a system of two or three small cavities within 
the lobe. By bronchoscopy the opening of the upper lobe appears quite patent 
and healthy. Clinically there are no physical signs of broncliial stenosis what¬ 
ever; there is little cough and little sputum, no systemic disturbance, and the 
general condition of the patient quite disproportionate to the extension of the 
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piilmonain’ lexions. Tlie study of this group ol Icsious rather recalls some of 
the eases described under different terms hy Oinsteiu and Ulniar, Davidson 
and Ellman. 

It appears that liistologieally the dominant featnro is the disappearaiiee of 
the alveolar pattern and the itiduetion of the hJood flow. There is marked inter¬ 
stitial fihrosi.\ hialinization and eollagenons changes around the hronehi and 
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3,—Ca»e of beneflolaJ **opjwiue Jobe." DmwJnff* reproduce rodloIog^Jc*] appearance# 
before pneumothorax, after induction, thoracoscopic vlexr (uilheslon A left umllvldfsh ufter 
adhesion section and final result 

hlood i-cssels. This results in distorted and narrowed hi'onchioles where o.vy- 
genation of the blood imist lie negligible. The alveolar walls are thickened by 
the lu.surioh.s filnogcncsls and concomitant emphj-semn pi-esent. Reversibility 
ot these changes is a voit remote podsihility, and is much hindered by the 
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fibrotic nature of the whole process. In a way tliis t 3 T)e of heriign "lobitis” 
is to pulmonary tuberculosis what chronic interstitial pneumonitis is to other 
acute pneumonic and bronchopneumonic conditions of the lungs (Pigs. 3, 4, 
and 5). 



Fig. 4.—Case of beneficial "opaque lobe.” Drawings reproduce appearances before Induc¬ 
tion of pneumothorax, soon after, thoracoscopic view (adhesion A left undivided), appearances 
following adhesion section and final result. 

In the other group the roentgenogi-am prior to pneumothorax falls within 
two typical pictures: one of pneumonic consolidation, the other one similar to 
the benign group already described, with the difference that the lesions are 
nodular rather than reticular, striated, or linear, although in both cases there 
is a certain amount of lobar demarcation, the interlobar fi.ssue moves much 
faster toward the clavicle in the benign group., Cough is a prominent feature 
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Iierc, quite often unproductive, irritating. Auscultation reveals distinct sonorous 
rlionchi, quite musical in character, tjTiical of bronchial narrowing. By 
bronchoscopy I have not been able to see such advanced cases of bronchial 
stenosis, occlusions, and obstructions as described by sonic authors. A constant 
finding, particularly in the loft side, has been a marked degree of swelling and 
reddening of the muco.sa amounting to submiicns infiltration. The opening of 





the upper lobe bronchus is definitely narrower, sometimes deformed to a button¬ 
hole shape. It has to be assumed that yonder these infiltrative changes are 
bound to end in a considerable degree of bronchial obstruction. Bronchography 
readily reveals the site of this blockage (Pigs. 6A, B,G). 

The pathologic changes consist mainly in alveolar, interalveolar, and bron¬ 
chial engorgement of fibrinous and cellular exudates, together with vascular 



fFies. C B and G)- 
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Jilntntion. Tlic imisoular tomiK niid eliislir inoiicrties of the hin(' tissue nrc 
irroparubly damiitied by gross toxic and iicci’otizing clmngcs. Any bo])cs of 
“i-cstitiitio ad iiUcgrum” or tissue repair iii’C bci'c iitopic unless-bi-oiiebial 
drainage and cliniinntion of debris assisted by good I'osistanee and relaxation 


Xf- a- 19^9 


SI- 3-lo<}9 



Kly. 7 .—Com of Uangerou* “opiiquo lobo.** • DmwJnffs roproOuclnj? tippoanuiccj of 
rocntc«nofTnn\» before pneumothom’X, Imluctlon, lhomco»coplc view (uli atih«*ion* were 

illvidetl) and noatoperatU*© remilt 


therapy (pncunioperitoiieuin niid ]>lirciiie pnl■a]\•^^is) ejui deaiiac tiie iiifectwl 
lobe and thim impede the extension of the diHCaae to othee puHs of the limy, 
to start with. A pncuinotliorax, and further still a “free'' jiDeiiinothorax, 
would naturally increase the Intmehinl olwtrurtion ivitli the disastrous result 
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of leaving highly toxic and necrotizing tissue enti-apped and cut off from their 
natural draining channels (Pigs. 7, 8, 9). 

The tendency today is to submit these eases for pulmonary resection. Al¬ 
though by now a few hundred lobectomies have been performed for upper lobe 
tuberculosis, some of them for consolidated lobes, I have not been able to find 



lft-l-1946 

Fig-. 8.—Case of dangerous "opaque lobe.” Drawings reproduce radiological appearances 
before pneumothorax, after Induction, thoracoscopic view (all adhesions -were divided) and 
postoperative result. 

enough cases to draw any worthy considerations as to the ultimate result of 
this form of treatment. Personally, I have followed up thirteen such cases 
treated by pneumoperitoneum preparatory to. thoraeoplasty, and tlie results 
have been, so far, highly satisfactory, definitely much superior to the re-sults 
of similar eases treated by pneumothorax. 



COELLO: DTMSION OF ADHESIONS IN OPAQUE LOBES 
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One point which is I think of considerable importance in the choice of 
treatment in each individual case is the general condition of the patient. A well- 
nonriahed patient, particularly of the female sox, with a triangular opaque lobe 
of the right upper lobe, has an almost certain guarantee of success. 






FIc. 6.—Case of "opafiuo lobo,” dangerou* typ«. Drawings from roentgeDOgnuns before 
pneumotnorax, after tndxicUon, tlioracoscoptc view (all adhwons were tlUide^ and post* 
operative result 


SUMMARY 

Opaque or “black-out” lobes in artificial pneumotliorax fall within two 
main groups: one in which the lobe appears mueb decreased in size, soft, 
wrinkled, dark blue, light in weight, triangular (radiologically) ; the other 
where the lobe appears tense, roundish, heavy (due to consolidation) shiny, and 
grayish. In the first group adhesion section should consist mainly in freeing 
the lung from the surrounding mobile structures ivithout aiming at complete 
division. To leave the opaque lobe suspended from the upper mediastinum is 
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quite compatible with a satisi’aetory result, I'esorting, in case of concomitant 
diaphragmatic adhesions, to phrenic nerve paralysis if there is resulting longi¬ 
tudinal tension. As soon as cavity closui'c lias liecn attained, the rest of the 
lung should be allowed to reexpand gradually by means of decreasing refills 
until the shrunken lobe appears cornered against the upper mediastinum gi\ing 
the radiologic appeaiTince of a collapse of the pectoral branch of the upper lobe. 
In these cases atelectasis can be highly beneficial, and the ultimate result com¬ 
parable to selective thoracoplasty. 

On the contraiy, in the second group artificial pneumothorax is often very 
dangerous. Adhesion section seldom improves matters, and it would be safer 
to abandon it soon, resorting instead to a period of pneumoperitoneum and 
diaphragmatic paralysis preparatoiy to collapse or excision therapy. 

These observations have been made prior to the extensive use now being 
made of streptomycin, P.A.S., and TRI-OM (S.32), the action of which in 
these ri-pes of disease seem to have had very little effect, so far, to alter .sub¬ 
stantially the re.sults obtained prior to their use. 

A table is presented with the results of 57 cases of adhesion section of 
opaque lobes together with considerations on their radiological, thoracoscopic, 
bronchographic and pathologic appearances (Tabic I). 
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ANGIOCARDIOGRAPHIC FINDINGS IN THORACOPLASTV, 
ARTIFICIAL PNEUJIOPERITONEUM, AND PIIRENICLASIA 

HKKnKiiT I, JIcCoY, JI.D., Ikhaei, Stkin’iicto, 5I.D., and 
Charijs T. Hotter, JI.D., New York, N. Y. 

I N A iTcciit Ktudy the aiifdoeniTlioffrapliic findings in patients witli nrtificiHl 
tnioumotlioinx were ijrcsentcd.' These conslstcel of n diminution in vnsen- 
larity whicli was directly propoTtionnI to the degree of collapse. There was 
crowding, distortion, and disiilaoemcnt of pulmonary vessels, and delay in hlood 
flow in the collapsed lung. Varying degrers of shift of the heart, great hlood 
Teasels, and mediastinnm were noted. The purpose of this report is to illnstTOtc 
the angioeardiogniplnc findings in other forms of eolln|)sc therapy eommoid.v 
employed in the treatment of pnlmonnrv tnlicre\ilosLs. namel.v thoiacoiiluaty, 
ai-tiflcial pnenmoperitonenm, and iihreniclasia. In the i)aRt, visualization studies 
of the pulmonarj- cirenlution following thonico|)lnsty and phrenic nelwe emsh 
have liecn done hy postmortem injection of opatpic .snhstnnccs.' Whether nr 
not autopsy findings aecnrately represent the changes which occur in the ))nl- 
monarj- cirenintion of the living individual has been c|ne.stiono:l.“ Such antopsj- 
stndira simjjl.v show the hlood content of Ihe Rings at death. Angioeardioginphy, 
on the other hand, afTorels an e.'ceclicnt method of roentgenoginphic nsnalization 
of the pulmonarj- nrtci-j- and its hranehci in the IK-ing indii-idnal. ICnowleelgc 
of the status of the pulmonarj' cirenlution in collnp.so thoiap.v is imtsu-taiit, 
since the circulation Irais a direct relationship to the cfflcicncy of iTspiration. 
Furthermore, changes in the cirenlation within the collapsed lung may ))lay a 
dominant role in the healing of pulmonary tuberculosis.'' 

METHOD 

For the most iiart, angiocai-diograpli.v was condnctcil as originallj" described 
using a .standai-d .‘.tci-oowa.ssette chaiigrr pci-mittiug two films per injecGon.* 
Contrast snlwtancc i-aindly injected into an antccubital vein passes into the 
right heart elmmhei-s, then to the pulmonarj- arteries, returning i-ia the pul- 
monaiy veins into the left heart chamliei-s, finull.v making the aorta -i-isible. 
Roentgenograms were taken at appropriate iuten-als to visualize best the heart, 
great vcasels, and lessor cirenlation. In some cases, the Fairchild automatic 
roll-film magazine” was used, enabling roentgen exposures to !« made at liaH- 
socond inten-als during the [icriod of opacification. Either Neo-Iopax 75 per 
cent' or Diodrast 70 ])or cent was used as contrast suljstancc. Neither substance 
causes iodism or activation of tuberculosis, since the ioduie is so bound in an 
organic molecule as to be imavailablc to the bodj-.* 

Krom the Deportment* of lledlclno iiml Radlologj’ of the New York Hospltal-ComeJI 
ilovllcal Center. 

Till* InvMtlffatJoh wa* aldetl by fcranb* from Tli© New York Hcnrt .NwiocIatJon foul 
Tliot Schcrimr CorpornOon. 

Recolvcil for publlcatJon Aug-, 21 . 1930. 
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Seventeen tuberculous patients were studied at varying intervals before, 
during, and after collapse therapy. The types of collapse employed were thoraco¬ 
plasty, artificial pneumoperitoneum, phrenic nerve crush, and a combination of 
the latter two. Interpretation of pulmonarj’- vascular changes was made from 
comparison of the opacified pulmonary' circulation of the collapsed lung with 
that of the noneollapsed limg, as well as from comparison of serial contrast 
studies in the same individual. These changes included variations in caliber, 
degree, and rate of filling, position, and configuration of the pulmonary arterial 
tree. 





A. B. 

Plff. 1.—(M.M. No. 182) Par advanced flbrocavemous tuberculosis of the left upper 
lobe in a 35-year-old woman, treated with thoracoplasty. A. Aneiocardiogram shows the 
characteristic diminished vascularity of tile left upper lobe. B. Angdocardlogram after an 
effecUve three stage thoracoplasty. Left lung volume markedly diminished. Left upper lobe 
vasculature diminished and pulmonary artery at left hllum appears more compact. RA=iight 
atrium: RV = right ventricle; PA = pulmonary artery; RPA =: right pulmonary artery. 


FlNniNGS 

A definite decrease in vascularity of local areas of the lung involved by 
tuberculosis has been demonstrated both by angiocardiography®’ ® and by in¬ 
jection studies in autopsy material.® 

A. Thoracoplasty .—Following thoracoplasty there is, in addition to the 
avaseularity at the site of the tuberculous process, a marked decrease in the 
vascularity of the collapsed lung roughly proportional to the degi-ee of collapse 
(Figs. 15, 20, 30). This is etydeneed by crowding together, diminution in 
caliber, and nonfilling of pulmonary vessels. A shift of the heart and great 
vessels toward the noneollapsed side may occur (Pigs. 15, 20, 30). In extensive 
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nnilaternl fibrosis duo to tuljcrculosis there is retraction o£ the heart, medias¬ 
tinum, trachea, and great vessels into the affected side. All these structures form 
a homogeneous shadow which on conventional roentgenograms cannot be differ¬ 
entiated. This may lie called “fibrothorax.”*" When fihrothorax e.vists prior to 
thoracoplasty (Figs. 3A, 3B), angiocardiography may serve to delineate the 
great vessels and cardiac chambers usually shonung rotation and displacement 
of these structures. Harked distortion of the heart and great vessels in this 



A. 

FIr 1. —CU'.a. No. 243) PaT*ad\*aiiced fibrocaaeoua tuborculoola of th® right upper lobe 
In a lo-year-old Puerto Rican treated with thoracoplaety. A. Conventional roentgenogram 
■howlnc a 2 by 2 cm. caN-tty behind the flrat right anterior rib with bronchiogenlc ipread to 
the mid-lung field. 

condition may bo corrected to some measure by thoracoplasty. Figure 3C iUns- 
trates a return of these structures toward a more normal anatomic relationship 
following operation. Postoperatively, the pulmonary vessels on the noncoUapsed 
side can be seen to he less widely separated, suggesting partial correction of the 
overdistension of this lung. 

B. Artificial Pneumoperitoneum .—^\'^isnalization studies in tuberculous pa¬ 
tients receimng artificial pneumoperitoneum revealed upward displacement of 
the heart and great vessels, often with cardiac rotation (Figs. 4, 5, 6). In some 
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instances, with the patient in the erect position, the elevated right liemidia- 
phragin caused medial displacement of the lateral wall of the light atrium 
(Figs. 5, 6). The displacement appeared to be less when the elevation of the 
diaphragm was less as, for example, in the reclining position. 

Following pneumoperitoneum the peripheral pnlmonaiy vessels were 
brought closer together, and diminution and delay in opacification oecurrccl 
vaiiahly. The greater the elevation of the diaphragm, the greater Avas the up¬ 
ward displacement and crowding of the pulmonaiy ve.s.sels. When a phreuic 
nerve crush was added to the pneumo))e}itoneum, resulting in an even greater 



n. 


o. 


Fig. 2.—B. Angiocardiogram flvc niontlis later after prellnilnari' collapse by an 
ineffective extrapleural pneumothorax. Only origin of right ascending pulmonarj' arterj- Is 
opacified while right upper lobe is avascular. C. Angiocardiogram six months later after an 
effective three stage thoracoplasty. Right ascending nulmonarj- artei-y visualized only at orgln 
while right upper lobe Is sUll avascular. The right pulmonary arteiw and Its descending 
branch Is compressed at the hllum. 


rise of the hemidiaphragm, the vascular clianges described aliove tvere accentu¬ 
ated on the homolateral side. Figure 6A and B not only illustrates medial dis¬ 
placement of the lateral wall of the right atrium, but also a narrowing of the 
lumen of the superior vena cava as it enters the heart. Distal to the narrowed 
portion there is some dilatation. 

C. Phrenic Nerve Cnish .—Along AAUth the elevation of the diaphragm and 
local avascularity associated unth tuberculosis, visualization studies after phrenic 
neiwe crush reveal some upward displacement and crowding of pulmonary ve.ssel.s 
(Fig. 7). There may he slight elevation and rotation of the heart if the phrenic 
crush is left .sided. A moderate diminution in vasculanty and delay in blood 




B. C. 

Kir. 5,—(J.D. No. 210) Flbrothonot left lunp due to flbroca%*emouB tubereuloale In r 
20-year-oId white woman. A. Con>‘entlonal roentffenoirram. Kxtenalve Obroala of left lung 
TTlth deviation of the heart, trachea, and niedloatlnum Into the left thorax und cavltiea of the 
loft upper lobe. B. AnKtocanllographS' atiowa the poaltlon of the auperior vena cava, the riKht 
heart chambora. the pulmonan* artery and lt» bmnehea, ajid re\-eala that the heart haa aaaumed 
the right oblique pcajtlon. The left puJmonarj’ arteo' (*een on end) I* markedly dlmlnUhwl 
In alie. and there la no pulmonar>' arterial circulation demonatrabie In the left lung. T^e 
elongation of the right pulmonary artery and the wide separation of the pulmonary arterial 
tree aucxeata o\'enlUtenalon of the lung. C, .VngtocardloffrBphy after thorucoplaatv ahowa 
return of tlie heart and great \*eMCle towartl the nddline position. There u no overdlJtenJdon 
of the right palTtionar>' arterial tree and the rlglit puimonao' artery la no longer eioaeatetl, 
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it not seem probable that they would have attracted some attention, because they are interest¬ 
ing tumors, they are curioxis tumors? "Would it perhaps bo fair to make a suggestion such 
ns Dr. Womack and I made in our article in 1937, and as Dr. Goldman has also said today, is 
it not a fair assumption that many of these tumors when they become uildly malignant or 
definitely malignant make it impossible for the pathologist to recognize that they have origi¬ 
nated in an adenoma in the bronchus, because it is impossible to tell after they have spread 
all over and have involved all the organs. Now, if there were such an occurrence, what sort 
of tumor would we expect to find? Eemember that this adenoma that Dr. Neuhof is talking 
about is composed of little round cells, scanty cytoplasm, almost entirely nucleus. Dr. Mc¬ 
Donald tells us, and shows us a picture, and says that the British call tlie most malignant type 
of bronchiogenic carcinoma the oat cell carcinoma. The cell which is seen in these so-called 
oat cell carcinomas looks exactly like these cells which you see in the bronchial adenomas that 
Dr. Neuliof is describing. I will pose the question again, then. Is it possible that sometimes 
these tumors become so malignant that they are recognized only as so-called oat cell car¬ 
cinomas but which had their origin perhaps in a so-called bronchial adenoma? 

One more point which has been mentioned here this afternoon is that these adenomas are 
characterized by the fact that tliere is no ulceration in the mucosa overlying. That is true, 
but even mthout ulceration of the mucosa overlying I have seen two patients with metastases 
of the liver from which presumably they died. I have seen other cases with extensive lymph 
gland involvement. Finally, I would like to make one other statement which is not too con¬ 
clusive. We have been interested in the very interesting technique which Dr. Harry Green 
of the Pathology Department at Yale has developed—I am sure many of you are familiar 
with it—of injecting pieces of tumor into the anterior chamber of the eye of guinea pigs. 
His contention is that no tissue will grow by such technique except two kinds, malignant 
tumors and embryonic tissue, and by embryonic tissue he means tissue taken from an embryo. 
We have recently transplanted so-called adenomatous tissue of the kind Dr. Neuliof is talking 
about, not the kind he dismisses as being malignant but the kind ho says is benign-malignant, 
into guinea pigs’ eyes. TJnfortimatelj', there has not been time for mo to find out just what 
has happened to these guinea pigs, but I had a telegram Saturday afternoon from Dr. Kemler, 
who has been doing this work, and he said there is a growth in the eyes but he had not yet 
had time to examine it. I am making that statement for what it is wortlu It is not con¬ 
clusive but we shall report on those findings Inter after we have had an opportunity to study 
them. 

DE. OSLER ABBOTT, Atlanta.—There is no more intriguing pathology in the lung 
than so-called adenoma. I also feel that I am not certain what to do about it. I was brought 
up and trained on the theory that it should be removed by total pneumonectomy. Reports 
have come out that these tumors may be arrested with lobectomy alone. Our policy m 
Atlanta had been to do lobectomy for adenoma and if the immediately resected section shows 
no node involvement, the operation is discontinued at that point. We felt happy ivith this 
type of procedure until we encountered a patient a Rttle over a year ago in whom there was 
an adenonui and in whom considerable lymph gland involvement was noted throughout the 
mediastinum. A total pneumonectomy was done; there was absolutely no involvement of the 
glands removed, but a careful examination of the tumor microscopically revealed several micro¬ 
scopic fields in which there was imquestionable transformation of this tumor from its basic 
cellular structure into a grade 3 squamous cell carcinoma. This experience has lieen repeated 
on three occasions since then, and in every case the adenoma has transformed itself into a 
squamous cell carcinoma with major areas of intact so-called “benign adenoma tissue’’ about 
it. Two other patients have been encountered in whom the tumor did not transform itself 
and there was very extensive invasion of the posterior chest wall on the left side. One pa¬ 
tient had extremely extensive invasion of the major mediastinal vessels. I feel that the lesion 
is only “benign’’ in its cell structure as it stands, but it is definitely premalignant clinically 
and can transform into a squamous carcinoma. Whatever type an oat cell carcinoma may be, 
it could very weU have its origin in an adenoma. 
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Dll. CIIKVALIKTI U JAOKROK, Philndclphin.—I Tcmember the w»;iv?ioQ Dr. Grahnm 
roforred toj at that time I reported twenty enw?s cnconntored at Temple XJnirerrlty Clinic. 
Hlnce tlmt time we Imvo jMHm twcl\*o more nucli pnticntn. Of the oripinnl twenty, three had 
boon trentc<l florfpenlly, r\ith lobectomy In two instances and pncumonectoray in one, nnd 
wwcntccQ bronchoMopIcnlly. At the present Umo those patients nro status quo except for one 
of those treatoil bronchoscopicully, who has jual recently had ft very successful lol>ectoniy, with 
romovnl of the middle and lower ]ol>es, not beenuso there utu profrression of the tumor but 
Iroeause she still ,lind recurring attacks of cough with some production duo to the bronchiec¬ 
tasis in the lower lolx*. Of the twelve new cases, seven patients were treated surgically and 
riro bronchoscopically. 

I ItellcTO tlmt the crux of the confusion lies In the pathologic nnd histopathologic diag¬ 
nosis. I think, as Dr. Ncuhof and Dr. llnblii Jmro snhl, wc shonld eliminate the mixed tumor.- 
nnd cylindronuis, and consider these ns separate groups. It is extremely interesting to Ii^nir 
Dr. Habin’s view on this, since he is one of the pioneers In the study of these cases. I flo 
not I>olicvo true adenomas linvo any inherent tendency to bocomo malignant, but I do not say 
they Hrcfr may l>ocome malignant. However, I tliink treatment depends by no means entirely 
on the pathology; that is, on malignancy or benlgnaney. Dronchoscopy is always Indicntt'd 
first, for study and l>Iopsy, nnd for clearing op the long. Bronchoscoplc removal may bo 
curative when the tumor is attache<l by n narrow pe<l(clc; bronchoscopy \vill bo helpful always 
when there is ncotl for improvcil drainage. The Indications for pneumonectomy or partial 
resectloa arc, in my opinion, chiefly in eos<^ where It is impossible to rcraovn the tumor 
bronchoscopically, and in easw ulicn* there has l>cen Iircversiblo damage to the distal portion 
of the lung ns a result of prolonpo<l broncMul oltstruction. 

DU, AIjKXiV^sDER E. VT. ADA, Now York.—I wish to present two cases which illus- 
tnite the problem under discussion. The first is tlmt of a D2'yeoT-Dld wldto woman, ailmitted 
to St Luke's Ifospltol, New York, In Moy, 1047. 8hc had ciporienccd rocuircnt hcnioptyses 
for the past twelve years. In December, 1043, bronchoscopy wfu« performed at nnother hospital 
and a biopsy ^Tn8 taken from n tumor in the left main Iwonelius. The microscopic sections 
were thought to represent adenoma, although certain areas showed definite irregularity in 
the mrangement of tho colls. One year later two soccesslvo bronclioscopies wro performed 
In oa attempt to remove tho tumor. In February, 1047, another bronchoscopic l>iopsy ^vas 
reported ns adonocurcinonm. Laminographlc atudles showwl a tumor in the lumen of the 
left lower lobe bronchus, with peribronchial infiltration. Findings on routine x-ray films of 
the chest were essentially negative. On Juuc 2, 1047, n total pneumonectomy was performed, 
and recovery was uncomplicated. On gross pathologic oxamination, a pedunculated rounded 
tumor, 2J} by 2 era., was found just within tho opening of the left lower lobe bronchus, pro¬ 
jecting into tho main bronflics. Tho tumor had o deptli of 2,6 cm. and extended outward 
into tho surroundiiig lung. Two centimeters distal to the tumor there was a second one, 
2.5 by 1.5 cm. in sire, which was similar to Uio first. Tho lower lobo showed enlarged thick- 
' walled bronelA and bioncbioles witli the appearance of bTouchlectascs and arena of fibrosis. 

Boetions tlirough the pedunculated portion of Uie grondh showed tiiat to\mrd the surface 
the tumor avos composed of long chains and anastomosing strands of rather small cpltliollal 
cells, suggesting an origla from tho basal layer of the mucosa. These Imd a glandular pat¬ 
tern, but tho cells wore about tho same sUo and shape, slainod verj' deeply and, for thse 
reasons, did not suggest a very highly molignant growth. In certain areas, however, they had 
invaded the cartilage of tho bronclius and hero there was also considerublo bone. Tho latter 

burroundod by tnmor nnd tlio cortllngo was detached from tho perichondrium. In these 
areas the lymphatics were Invaded, but not the nodes. Pntltologic diagnosis was adenocar¬ 
cinoma of bronchus, nodes not Involved. 

The clinical courso in this patient and tho early bronchoscopic and pathologic findings 
t^ded to confirm the diagnosis of adenoma. However, 'over a period of years the tumor 
to have acquired some of tho characteristics of malignancy. This cose also illustrates 
the possibility that moro than one tumor may bo present nnd eocnpo recognition. 
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Tlie second patient was a 35-year-old white woman, who was admitted to St. Luke’s 
Hospital in July, 1947, Five years before, she had been hospitalized for a virus pneumonia. 
Soon after, she developed occasional pain in the left cliest, accompanied by cough and 
hemoptysis. These symptoms persisted one or two weeks at a time and recurred at 'about 
monthly intervals, usually at the time of menstruation. Four years before, bronchoscopy had 
been done, with the diagnosis of adenoma of the lung, although the histology rras more typical 
of lymphoblastoma. Bronchoscopic biopsy one year later was diagnosed carcinoma, and a re¬ 
peat bronchoscopic biopsy in April, 1947, was diagnosed adenoma. 

On admission, the x-ray films of the chest showed no pathologic lesion or abnormality. 
On bronchoscopy a large papUlomatous red mass was visualized, filling the opening of the left 
upper lobe bronchus. Microscopic diagnosis of a biopsy was adenocarcinoma. On July 15, 
1947, a successful left total pneumonectomy was performed. 

Pathologic examination showed the tumor to arise from the posterior Avail of the upper 
lobe bronchus. It projected into the lumen and extended toward tho hilus and downward 
into the lingular diAosion. Microscopic examination of the tumor shoAved it fungating into 
the lumen, where it was composed of naany solid sheets of cells Avith a glandular arrangement 
The tumor cells infiltrated the wall deeply and extended to the cartilage which was partially 
destroyed. The cells were also outside the cartilage in the peribronchial tissue; hoAvever, 
the nodes were not involved. Pathologic diagnosis was adenocarcinoma of tho bronchus; 
nodes not involved. 

These tAvo cases tend to confirm the experience of others, that adenoma of tho bronchus 
may undergo malignant changes, and that certain tumors presenting similar clinical features 
and bronchoscopic appearance may be be malignant tumors from Die onset. It is evident 
that a correct diagnosis cannot always be obtained from one or more bronchoscopic biopsies. 
Under the circumstances it would seem that the necessity of pulmonary resection should be 
of prime consideration and, if performed early in the disease, more conservative excisions or 
procedures would suffice to effect a cure. 

DE. JOSEPH GORDON, Ray Brook, N. Y.—1 should like to give a follow-up report ou 
ten cases that havo had a period of five years’ observation. At the time of the original report 
by Dr. Chamberlain, and myself, seven patients were reported as recovered, tAVO died, and one 
was inoperable. We noAv have a report on six cases. Five are considered well, although one 
has a sinus tract infection. The sixth case is of interest to Dr. Graham. The left lobe of 
tho liver Avas removed in Albany by Dr. Dickinson, and the tumor cell is identical Avith tliat of 
the bronchial adenoma. This patient has returned to work following lobectomy of the liver. 

DB, D. H. WATERMAN, Knoxville, Tenn.—^Personally, I agree with Dr. Graham and 
Dr. Abbott in saying that these are malignant or premalignnnt tumors. I would like to coll 
attention to the bleeding that occurs on biopsy. As you know, hemoptysis is a very common 
symptom in the history. We liave had four cases in our series in which terrific bleeding oc¬ 
curred when bronchoscopic biopsy was taken, one of these terminating fatally. 

I beUevo Dr. Gordon mentioned tliat he had had two cases in his series where death oc¬ 
curred at bonchoscopy. We have been rather reluctant to treat or oven biopsy these tumors 
through tho bronchoscope AA’hen we felt resection should be resorted to an3'Avay. 

DR. W. E. ADAMS, Chicago.—-A few years ago, Dr. Bloch, Dr. Steiner, and I reported 
on a group of these patients, and in that group there were three autopsies. One patient died 
from asphyxia due to obstruction of the trachea by tumor; another from pneumonia; and 
the tliird following operation. Wo called attention to the fact that mediastinal node metas- 
tases, and in two of tlie three, distant metastases to the vertebrae or liver were found. Smec 
that time we have had experience udth another patient:, a 34-3'enr-old woman who, in i 
had a circumscribed upper lobe lesion; the sputum was negative. She was given x-ray therapy 
with complete disappearance of the opacity. She had no symptoms nntU 1942, nine year® 
later, when hemoptyses began and the lesion appeared as in the original roentgenogram. 
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icotiou was rccommcTulcil nntl wns delayed for Bomo months. VTc found no evidence of In- 
Tolvonicnt of tlio rcRionnl l}Tnpli nodes. Eighteen monliis Inter eho Imd a pelvic opomtion, 
and tho Hvor \vnfl found completely studded with iio<lulcs. One of those utis removed, and 
•showed tho snine cellular formation ns that of tho original lesion. She has been completely 
asymptomatic since opemtion and shows no signs of mctnstoscs. We know, since this has been 
demonstrated microscopically, that she does have metastases to tho liver and we do not 
know where else. 

Experionco has led us to l>clicvc that those tumors mmst bo considered malignant; slow* 
gro\ring cnrclnoma is a gocxl term. From the microscopic appearance one cannot predict 
which of these lesions will metaatosixe. Thus, nil should be considered potentially malignant. 
Ono cannot classify tho tumor as to tho rate of growth. We know Hint a squamous coll car- 
dnoum may l>o present for years without producing symptonis. 

Addendum ,—This patient recciitly developed signs and sjauptoras of cercbrul motastascs 
and died shortly thereafter. 

■DR. EDGAR W. DAVIS, Waaliingtoo.—Last night nnd again this morning I talked 
to several members of this Society about adouonuva and to my amaroment Dr. Graham a fovr 
moments ago used tho same expression I heanl Inst night, ^'Wo aro confused.'* To listen to 
tho various discussions on tho tnanngomeul of aib'nomas is often more confusing. It \vould 
sem that it is virtually Impossildo to obtain unjf<irm opinions from various pathologists as 
to tho mallgnaney or bcnlgnancy of these lesions. It is nice to linvo a correct preopcmtlvo 
diagnosis on a patient but I do not agree that this is n clinicopathologic entity because I 
find from bronchoscoplc biopsy and oven from the surgically removed specimen that 
pathologists of repute differ >vidcly bi defining the nature of tho lesion. It is for this reason 
that I doubt Giat tho histologic report of a biopsy shouM necessorUy dictate our mode of 
therapy. Ono pathologist may classify a given scctiou as a grade 1 or grade 2 nmllgnancy, 
whereas another pathologist may classify it as a benign lesion. 

It has been our policy in tho management of these so-called adenomas to lake a bronclio- 
Koplc biopsy if possible. If all tho tamor can bo removed bronchoscopically nnd if all tho 
sections by different jpathologlsts nro called benign, nothing further is done. If, however, 
there is any question os to whcUicr it is a bonign lesion or if it is not entirely ncccsslblo to 
the bronchoscope, a lobectomy or segmental resection is done. If tho pathologist then re¬ 
ports a benign lesion it is unnecessary to snerifleo any additional lung tissue. If it is ro- 
fHirted as questionably malignant, we do not believe anything short of a lobectomy should 
Ik: done. 

DR. CLARENCE CILVFOORD, Stockholm. —We havo ono case in which operation ^vna 
done in 1930 with total pneumonectomy, which in some respects lllustratos tho question of 
malignancy of broncliial adenomas. At tlio tlmo of operation tho diagnosis was bronchial 
carcinoma. There was Invasive growth in tho raedinstinum and metastascs were found in 
mediastinal lymph nodes. A study later on of tho epoolmen, howovor, showed tliat tliis 
tumor without doubt belonged to tho group of mixed salivary gland tumors to which group 
we consider tho so-called bronchial ndcnoiun to Imlong. That patient was well imtil 1940, when 
ho enme back with recurrence in tho bronchial stump nnd with clinical evidence of tumor 
growth in tlio mediastinum. IIo died about ono year later. In tliis case there were un¬ 
doubtedly clinical signs of tho bronchial tumor bo far back as seven years boforo ndniiaaion. 
This ease nnd many more in our expcricnco have sliorni us that if tumors of this typo oro to 
Iw considered ns imtcntinlly ranllgnnnt, they cannot cUnicnlly ^t'ga^de^l malignant in tho 
Kano Bcnso as- real carclnoraoB, If within a rcnsonablo time Giey can bo locnUy radically 
excised, tho risk of a rccurronro must bo cousldorml iu» very sniiill. Becauso of that we have 
now como to tho conclusion that it is advisable to treat theso tumors more couservuUvely 
tlian carcinomas. jVb It is imiwssible to diagnose if there ia in addition to tho intnibronchinl 
hronchoscopicaUy Tisiblo gro\vth also an cxtrabroncliinl extension in tho great majority of 
®^i*«,'WO aro now of the opinion that endobronchial removal of the tumor is not to be con- 
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DK. GOLDMAN.—There is not time to answer all the problems raised. I have changed 
my mind from what I thought at the time I read the paper before tlie Society in 1938. We 
had never observed up to that time any lymph node metastases, and wo followed some patients 
for twenty years. The first patient reported in that paper was operated upon about 1915, 
when empyema and abscess were drained The tumor was as large as a grapefruit when the 
patient died. There was no lymphoid involvement. 

I have modified my opinion to tliis extent. There are varieties 'of adenoma. One variety 
which ^vas shorni is cylindroma or mixed tumor. Of this variety' .shown in the first case, I 
have seen two cases. The other patient also died after bronchoscopic removal of the tumor. 
Early surgery with removal was not done. I believe we should differentiate tlie adenoma 
group from cancer, if for no other reason than that when wo operate and remove the tumor 
the patient’s chances are so much better, and I believe we should always separate them from 
carcinoma in reporting statistics. 

I am somewhat pleased to find the evidence as reported by' Dr. Abbott and Dr. Gordon, 
that these tumors may metastasize and go for many years without producing death. It seems 
to me they metastasize whether they are old or young. It seems local lymph node metastasis 
does not always occur, but is perhaps more often found in older tumors. Regarding what 
Dr. Crafoord said, I reported a case in 1947 which had primary bronchoscopic removal, and 
after three years there was local bronchial recurrence. AVlien a lower left lobe resection was 
done a tumor nodule could be seen inside and outside tlie bronchus. Tliis patient has had 
symptoms for twenty-five years and there is no sign of metastases. If in a given case all 
the tumor can be removed by bronchotomy, local surgical resection, there are patients in whom 
that can be done to conserve the lung. Regarding Dr. Eggers’ cases I do not agree com¬ 
pletely that local removal is always successful. I have seen deaths from attempt at broncho¬ 
scopic removal. I am sure every bronchoscopist is alarmed by the large amount of bleeding 
which may occur. Particularly where there is suppuration, opening the bronchus will not 
cure that patient any more than a chronic abscess, and resection should still be done for the 
original disease. 

There is much more to be said about his subject. The ideas of the origin, and the ideas 
we have as to tlie growth of these tumors may be modified. Dr. Nathan Eriedman has an 
idea about mLxed tumors. He considers that these tumors, arising from the original cell, may 
form two or more different cells—and they do not have to go through a complete life cycle 
to complete malignancy—they may die out; thus some adenomas may develop to a certain 
point and go no further, and perhaps others go to complete malignancy. 

DE. BABIN.—In this prolonged discussion it has been emphasized that certain mem¬ 
bers have been loft with a feeling of confusion. I may say tliis: where confusion begins, 
this is the beginning of clarification. Years ago this tumor was reported simply as carcinoma 
and therefore did not constitute a special problem. Dr. Harry "iVessler,' to whom belongs 
the credit for recognition of the tumor, was confused when the pathologist reported several 
such tumors of long standing in young women ns malignant. Dr. Mandelbaum admitted 
the growths were peculiar and different from carcinoma, and he said: “If it is shown to 
me that they run a benign course, we must consider them benign, even though to me as a 
pathologist they appear maUgnant. ’ ’ 

Wo have passed a certain phase in the confusion regarding tliese growths, that is, con¬ 
fusion with ordinary forms of carcinoma. Wc have not passed the point of confusion of the 
adenoma with other unusual tumors. A few slides will illustrate this: (Slides.) The type 
shown on the screen falls into the group called tlie carcinoid typo of adenoma which, together 
with the acinar type, make up the category of bronchial adenoma. I would exclude the 
cylindroma, which looks like certain portions of salivary gland tumors, mixoil tumors con 
taining bono and cartOago and sometimes other elements, and the entire group of mixed tu 
mors, including osteochondroma. In addition, tumors resembling certain basal ceE carcinomas 
of the skin showing cystic adenomatous changes are more properly relegated to carcinoma or 
cylindroma and should also be excluded. 
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Before formulfitinp n dinlcnl rla^si/Icution of tlio prowHi one must start witli a 
pathologic classification. The patholopist must clnsslfp wlint he sees niierowoplcnlly, and than 
follow tho pathologic course of tho growth before lie can help Iho clinician in planning treat¬ 
ment. 

In this respect I wish to show the following slides. This tablo sliows fivo cases with 
tumors in tho main bronchus, and no response to endoscopic therapy. They show a history 
of from seven to thirty-seven years, and how niucli longer the tumors were present avo do not 
know. There wo have failure of endoscopic ri'movnl in patients who have a long historj' aver¬ 
aging thirty-threo years of symptoms. Hero wo have a group of fifteen patients who appear 
to bo well after bronchoscopio trt'^tment ami who have Iwjcn follow’d for a consldemblc time, 
without recurrence. One has been followed for fourteen years, and fivo Imvo lK>en followed 
for more than ten j*cars without rccurrouce being found. It must lie concIudc<i Hint at least 
some of these patients nro curc<l by simple ooduscopic removal. 

AVo nro dealing with n growth dlfferont from •*arcInonm. Wo know the history is longer; 
wo know tho sex Incidence is difforent from carcinoma. It comprises a distinct pathologic 
entity. A\’hcthcr this tumor is amenable to a minor form of treatment or whether it requires 
resection of a largo amount of tissue Is not basic. Wo must scpnmlo from tho adenoma 
other tumors that hare a definite pathologic picture relating to other growtlis. \Mien wo do 
that ^vo find tho incidence of what has been called malignant ehiinge diminiahes. 

I do not think wo have to define raalignno-‘y. We have lu know what tho g^o^vth docs. 
Hero Is a tumor that grows for a long time (nc luivo one Imlf dozen patients who have liad 
tho tumor for thirty years)—a tumor which remains (M'parol»'il from tho remaindor of the 
bronchial wall In most cases, but iu some cas«^ dcN*s grow- tlirough flio ^^nlI and even into tho 
long, occasionally invoivlag tho ndjavont IxTuph noles, and j^omottmes eno.scs distant metas- 
tasos, tho tumor tlssuo still maintaining a beniun np|H*timnK!. These are not the elmmc- 
teristics of carcinoma In gonoml and calling it .•nr*inoum makes for confusion. Wo do not 
know what tomi is to nttacli to this growth. The «>Td adenoma is not a good one but 
should bo retained until a belter one Is found. 

There is littlo basis for coosidoring that many earciii'uuii-* Jmve their origin in bronchial 
adenomas. Dr, Titud has pointc<l out that the duration of life in bronchial carclnonm is uni¬ 
formly short. Tlio only tj'po of carcinoma that has a similarity to broncldal ademormv Is 
tho small cell carcinoma. These hnvo (he j-hortent history and this together with tho absonco 
of a polypoid nppcnranco to these growths excludes the po^iliiJity of their origin in a bron¬ 
chial adenoma. Tho paucity of reports of aulojisie*! cu."eM of adenomas most have some otlior 
explanation than that tho ndonnruas have changed to enn'inomns by tho timo the patients die. 



THE CLINICAL USE OF A PROSTHESIS TO PREVENT . 
OVERDISTBNTION OP THE REMAINING LUNG 
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Julian Johnson, M.D., D.Sc. (]\'Ied.), and (by invitation) 

Charlks K. Kirby, M.D., C. S. Lazatin, M.D., 
and J. a. Cocke, M.D. 

Philadelphia, Pa. 

W HEN the chest is closed vathout drainage following a pneumonectomy, 
the pleural cavity gradually becomes filled witli blood and serum. In time, 
this fluid may be absorlied or it clots and contracts and, as a result, tlie medi¬ 
astinum is draum over to the affected side. Tliis may produce considerable over-, 
distention of the remaining lung (Figs. 1 and 2). This phenomenon may be 
prevented by a thoracoplasty done electively, or to obliterate the empyema 
cavity in case of infection (Pig. 3). 

It has now been amply demonstrated that most patients do fairly well 
following a pneumonectomy wdthout a thoracoplasty in spite of emphysema of 
the remaining lung. Many thoracic surgeons have had the impression that pa¬ 
tients subjected to a thoracoplasty have had a better clinical result than those 
who were allowed to develop overdistention of the remaining lung. Cournand 
and his associates'’ ^ have presented data which tend to confirm this impression. 
They found both in children and in adults that the exercise tolerance was better 
in those patients in whom overdistention of the remaining lung was prevented 
by thoracoplasty. 

Even though the thoracic sui’geon agrees that overdistention of the remain¬ 
ing lung follo'wing pneumonectomy is undesirable, he may hesitate to subject 
his patient to an additional procedure as major as a thoracoplasty. If a simpler 
method of preventing mediastinal shift were available, it might be more widely 
used. 

In a preliminaiy report,® we pointed out that overdistention of the remain¬ 
ing lung folloiving pneumonectomy in dogs could be prevented by filling the 
pleural cavity uith hoUow plastic balls made of methyl methacrylate (Lucite).* 
In the dogs sacrificed after four months, there seemed to be so little foreign 
body reaction to the Lucite balls that a clinical trial appeared to be warranted.. 
Our present report concerns observations made in dogs sacrificed one j'.ear after 
placing Lucite balls in the pleural cavity following pneumonectomy, as well as 
clipical experience with the use of this prosthesis in eight patients following 
pneiimonectomy for carcinoma. 

From the Surgical’ Clinic of the Hospital of the University of Pennsylvania; The 
Department of Surgical Research, Schools of Medicine, University of Pennsylvania; ana xi 
Department of Radlologj- of the Hospital of the University of Pennsylvania. 

Read at the Twenty-eighth Annual MeeUng of The American Association for Thorne c 
Surgerj', Quebec, Canada, May 31, June 1, 2, 1948. 

•The Lucite balls used In these experiments were obtained from the Nlchol Product Com 
pany, Moorestown, N. J. 
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ANEMAL EXPERIMENTATION 

As mentioned in onr previous report, Avhen no prosthesis was placed in the 
pleural cavity, the remaining lung became overdistended and partly filled the 
pleural cavity on the opposite side (Fig. 4). When Lucite balls ivere placed in 
the pleural caiuty after removal of the lung, the mediastinum was maintained 
in the midline and overdistention of the remaining lung did not occur (Fig. 5, 
A and B ). Since the preidous report, four dogs were sacidfieed one year follow¬ 
ing the insertion of tbe prosthesis. Pour dogs remaining are living and ap¬ 
parently well approximatelj'^ eighteen months after operation. 



Pig. 3. —One year following right pneumonectomy and thoracoplSLSty for carcinoma o 
the lung In a 64-year-old man. The mediastinum Is maintained near the mldllne and 
overdistention of the remaining lung Is avoided. (From Johnson and others: burgeiji 
August. 1947.’) 

In all of the dogs the Lucite balls could be heard with a stethoscope to 
rattle with each heart beat. At autopsy in one dog each baU was found to he 
abhost completely encapsulated by fibrous tissue ivith no fluid between the balls 
(Pig. 6). As seeii in Pig. 7, the balls were still hi contact at some points. 
Microscopic examination showed the tissue covering the balls to be acellulai’ 
fibrous tissue Avith very little foreign body reaction (Fig. 8). 

In the other three dogs, the Lucite balls Avere encapsulated as a group 
(Pig. 9). It appeared that each ball had its own niche as evidenced by the 
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K^^oJo^Jcrcimiph of tlsauo removed from tho pleura between the point* In contact with 
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impressions on the surrounding pleura. The space between the balls was filled 
with clear fluid, hlieroscopic examination of the smooth pleura where a ball 
was in contact Yith it was similar to that in Fig. 8. On the other hand, the 
pleural surface between tlie balls had the appearance of granulation tissue 
(Fig. 10). The capsule surrounding the entire group of balls was tliick and 
avascular. 

A Lucite ball prosthesis seemed to be the most satisfactory of the pi-ostheses 
considered for the following reasons; (1) conformit}^ to a pleural cavity of any 
size or shape by varying, the number of balls; (2) lack of evidence of increased 
infection in the pleural camty; (3) minimal foreign body reaction; (4) ease of. 
removal through a small incision in the event of infection; and (5) lightness 
of weight. 



A. B. 

Fig. 11. A and B .—Anteroposterior and lateral chest films of a patient with 
prosthesis eight months after pneumonectomy. Seventy-flve balls were used- There 
overcllstentlon of the remaining lung. 

The patients chosen for clinical trial had pneiunonectomies for carcinoma. 
It seemed advisable to tiy the prosthesis cautiously at hi’st in patients whose 
life expectancy was short in order to exclude possible unforeseen complications 
before using it in patients with a longer life expectancy. 

The Lucite ball prosthesis has been placed in the pleural cavities of eight 
patients folloiving pneumonectomy. Inasmuch as wlien a thoracoplasty is done 
to prevent mediastinal shift, portions of only seven or eight ribs are usuall) 
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•resected, the ])leiirnl envity tins not l)con completely tilled with bnlLs in these 
patients. The mimher of Inieitc halls n.sod lin.s vaned from thirty-five to seveuty- 
five. The ])aticnt, with Kovenfy-fivc halts in the left side of tho chest was operated 
upon altout ci^lit months npo. ltc(*cnt x-ray pictures show the mctliastinum to 
be in tho midline and no ovordistenlion of the remaining lung (Fig. 11,4 and 
7t). In a smaller individual, thirty-live balls did not fill tho j)leural cardty hut 
have prevented orerdistontion of tho nmiaining lung (Fig. 12, A and B). 



12. X and B .—Anteropewterfor and 
*Ix months after pneumonoctoniy. 
mMlasUnum Im mnlntalnod In tho mldllnr. 


IntemI chest film of n patient n'itJi a Luclte ball 
Only thlrty-flvo onc-Jnch balls were used. The 


Comment. —Immedintel}’ after operation, when the Lucito halls were sur¬ 
rounded by air, one coidd occasionally hear them rattle a foot or two away 
from the patient. At that stage, the patient ns well often heard the halls rattle. 
Wlion tlic nir was roplnectl -with tluid, the patients were no longer conscious of 
the noise. 'With tho stethoscope, however, the rattle may still ho heard witli 
each boat of tho heart in all of tho patients. 

There him been no evidence that the balls harm cau.sod increased postopera¬ 
tive pain. In two of three patients who complained of more pain than usual. 
We were able to demotLstrafe metastatic lesions. The possibility of increased 
Plenml clTnsion due to tlie piesencc of the balls was considored. Thomcentases 
Were done whenever rettuiied to maintain tho mediastinum in tiio midliue or 
slightly toward tlic operated side. In three of tlio patients, thoracentesis was 
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never required. Two of the patients were tapped only once or twice. Thi-ee 
of the patients required thoracentesis as late as seven to ten days after operation 
but it could not be determined Avhether the presence- of the prosthesis played 
a part in this. 

In none of the eight patients has there been any iiostoperative infection or 
unusual febrile response. In all of the patients the prosthesis has accomplished 
the objective of maintaining the mediastinum near the midline. Although we 
have been looking for possible hazards or complications resulting from the 
presence of the prosthesis in the pleural cavity, none has yet been appai-ent. 
Since the dogs have been observed for only eighteen months and the first 
patient for only eight months, late complications of foreign bpdj’- reaction may 
y^et develop.® Our experience to date suggests that the Lueite balls may pi-ove 
to be an effective and safe sulistitute for elective postpneumonectomy thoraco¬ 
plasty. 

CONCLUSIONS 

1. Lueite balls placed in the pleural cavity of dogs following pneumo¬ 
nectomy prevented mediastmal shift and were well tolerated as evidenced by 
autopsy^ studies one year after operation. 

2. In eight patients in whom Lueite balls were placed in the pleural ea-dty 
after pneumonectomy the mediastimun has remained in the midline and tliere 
have been no apparent complications resulting from the presence of the balls. 

3. The evidence presented to date suggests that the use of a Lueite ball 
prosthesis may be a simple and effective method of preventing overdistention of 
the remaining lung following pneiunonectomy. 
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•It has now been nineteen months since tlie first patient was operated upon and no com 
plications have developed. In some of the patients the halls no longer ratUe. 
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S INCE TuITIl'I' first performed liis “pleurapurielal stripping” in 1S91, the 
oporotiou Yvilli modifientioiis ims In-en iiscil by Uiorneic surgeons all over the 
World. To niniutaiii the collaiKsc cfTeeled by extrapleural separntiou of the 
parietal pleura from tbe elieat wall, a mulliludc of sulistanecs has been used 
includiug air, fat, muscle, paratrin, oil, aaurc, c-elloplianc, rubber, fiber glass 
wool, and many otlicrs. The soai-cb for the ideal substance goes on. 

In 1945 Wilson and Baker' found that Lucito (metbyl metbacrylato) in 
the form of spheres ivas inert in tlie cxtni])leuial space in the experimental 
animal and maintained satisfaetorv' eolla|ise of the lung. The results of tliis 
study were suffleicntly encouraging to jastify clinical trial. 

The first patients selected for o|)eration were ‘'tboso so-called good olironies 
in whom thomcoplasty was contmindiented because of low vital capacity, ad¬ 
vanced ago, bilateral cavities or those who bad an unsuccessful thoracoplnstj'.'’ 
The Bimplicity oC the operation and the immediate good results appealed to pa¬ 
tient and surgeon alike, and many patients ivfuaed to have any Imt the "ball'' 
operation. Also, us experioneo with the procctlure was gaiued, the indications 
for operation were broadened to include those paticuts in whom a thomcoplasty 
'votild have been the operation of choice. 

A prcliminaiy report by AVilson* of the fiist fifteen patients on whom 
follow-up study Yvas carried out for si.x to ten montli-s showed tliirtecu improved, 
one luiimproved, and one dead. In spite of the early good results, however, 
Wilson emphasised the c-xperlmcntal nature of the opemtiou and warned against 
c.Yccssivo optimism, h'rom Junuar}', 1940, to NoY'cmber, 1946, thirty-six ad¬ 
ditional patients were operated upon by members of the Duke Hospital staff. 
As late complications began to occur the operation ivas dlseontinuod in .lanuarj', 
1947, until adequate follow-up studies could bo made and the procedure evalu¬ 
ated. This report is based on an analysis of fifty-one coses of oxtmplcuml 
pncumouolysis ndtli Lucitc plombagc in white patients oiiomtcd upon one year 
and six montlis to two years and ten months prior to this leport. We feel that 
it is highly important to report our experiences ivith tbe opemtiou at this time, 
for the pmcticc of insoi'ting Lucitc spheres in the chest is spreading and may 
go far befom,attention is called to its dangers. 


— ?rom the Division of Thoracic Surjrory. Depnrtm^t of Sun,-oo'. poke Unlvoralty Sclswl 
M Medicine and Hoapital, Durlmm. N. a. and Tlio North Carolina State Sanatorium. MoCaln. 


„ Road at the Twcnty-olslith Annual Mooting of Tlio American Aaaodatlon for Thoracic 
Surterj’, Quebec, Canaria, May SI. Juno 1, 2. ItlS. 
tUr. Trent died on Doc. 10, 154S. 
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In Table I are presented the number of operative eases in each age group, 
their classification, and the t 3 rpe of operation which after a careful review of 
the clinical history and roentgenograms we feel was indicated in each case. 
Nearly all of the cases fall within the far-advanced class. All patients except 
three had bilateral involvement. Twelve patients had had a previous thoraco¬ 
plasty. Nineteen had bilateral cavities or were suspected of ha^^ng bilateral 
cavities. Thirteen patients were considered unsuitable for any tjqie of surgical 
collapse because of age, extent of the disease, and clinical condition. In only 
six, in retrospect, would we have considered extrapleural pneumonolysis with 
plombage. 


Table I. riETr-oxE Cases, TmnTY-FiVE Men, Sixteen Women 


AGE 

(YR.) 

NO. OF 
CASES 

classification 

TYPE OF OPERATION INDICATED 

M.A.* 


THORACO¬ 

PLASTY 

THORACO¬ 

PLASTY 

rewsion 

PLOMBAGE 

none 

20-30 

10 

3 

1 

1 

i 


1 

2 

30-40 

13 

1 

12 

5 

6 ■ 

2 

2 

3 

.40-50 

16 

2 

14 

5 

8 

3 

2 

3 

50-60 

9 


9 

1 

3 

1 

1 

4 

60-70 

3 


3 


2 



1 

Total 

51 

6 

45 

12 

26 

6 

6 

13 



(11.8%) 

(88.2%) 

(23.5%) 

(50.9%) 

(11.8%) 

(11.8%) 

(25.5%) 


•M.A., Jlotlerately advanced. 
tF.A., Far advanced. 


The technique of the operation has been described hi detail previously by 
"Wilson.^ In the present series the anterior approach "was used forty-four times 
and the posterior approach seventeen times. Three of the patients had a two- 
stage luiilateral procedure while four had a bilateral procedure. 

COMPLICATIONS 

Complications of the operation may be dirided into turn groups, those oc¬ 
curring during operation or in the immediate postoperative period, and those 
occurring several montlis to years after the initial procedure. 

A summaiy of the early complications may be found in Table II. Thirteen 
patients had moderate to severe dyspnea which gradually subsided in aU ex¬ 
cept four. In four patients the carity was entered at the operating table. Only 
one of these patients surrived. In three cases a mediastinal shift was obsen'ed. 
In one of these the spheres were inserted under a thoracoplasty and produced 


Table II. Operative and Early Postoperative Complications (Twenty Cases, 

39.3 Per Cent) 


COMPLICATION 

NUAIBER 

per cent 

Dyspnea (moderate to severe) 

13 

25.5 

Cavitj’ entered 

4 

7.8 

Mediastinal shift 

3 

5.9 

Spread 

2 


Dissection downward of spheres 

2 


■ Compression of superior vena eava 

I 


Cardiac failure 

1 


Urticaria 

1 


Wound separation 

1 
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only n inodcrnte .sliilt. Tii tlic other two whieli tormiiuitcd fatally the balls dis¬ 
sected ciiudnlly and into the niedinatinum. In two patients a postoporativo 
spread of the disease occurred. Ono patient died of cardiac failure, probably as 
a result of reduction of Ibc pulmonary vascular bed. In one patient, immedi¬ 
ately after operation marked engorgement of the neck and arm veins was noted. 
He was rotunied to the o))omling room and after removal of one sphere the en¬ 
gorgement was relieved. Trial nunsertion of the sitliero produced the same en¬ 
gorgement. This phenomenon was thought to be due to compression of the 
superior vena cava. One patient on the tenth postoperative day developed a 
generalized urticaria assoeiatcd with an casinophilia which subsided spon¬ 
taneously. In one patient the wound sepanited before the patient’s discliarge 
from the hospital. This patient later developed a bronchocutaneous fistula. 

The late complications arc sminmarizetl in Table III. The tuberculous 
infections of the c.xtrnplcunil space were diagnosed by aspiration, tlic presence 
of a sinus, or reopeiation. Hour patients remained dyspneio after operation. 
Ihvo patients Imd severe incapacitating chest pain. One of these became a 
narcotic addict Iteforc death; the other developed a tuberculous infection around 
tlie spheres two years after opemtion. In one patient roentgenograms showed 
the spheres protruding through the mediastinum into the opposite side. 

Because of the difllculty in visualizing a cavity in the lung once the Luoito 
spheres have been inserted, the number of imtieiits with persistent cavities under 
(he spheres cannot bo dctcrminetl aceimitely even with the aid of laminography. 
A fluid level in ono or more of the spheios is a fnapicnt roentgen finding and 
may bo a source of confusion in attempting to identify cavities. In three pa- 


Tablk m. L.VTE ro8Torna-\Ti\T Complications (SixTKn.N Cases, 31.3 Pna Cnsr) 


coMrua\TioNS 

Nuuunn 

l‘En OK-NT 

Tubercttlonj Jjifcctiou nroond spheres 

11 

L'1.5 

Draining sinus 

4 

7.S 

Spheres extruded beneath skin 

4 

7.8 

Dvspnea 

4 


Severe chest pain at opemtivo silo 

- 


Sfipmtlon of xplicrcs into mediastinum 

1 



tients in whom definite cavities could be seen under the spheres, an attempt was 
made to remove the spheres preliminary to further surgical collapse or resection. 
In one case the spheres wore so densely emijcdded that removal was impossible 
without endangering the patient’s life. The attempt was abandoned after five 
spheres had been removed luul the cardty hod been entered. In the other two 
eases the spheres were removed with great difficulty. In each case tuberculous 
granulation tissue tens present hetween the spheres. Ono of these patients had 
a fatal pulmonary hemorrhage a few days after operation, wliilo the other de¬ 
veloped a severe tuberculous wound infection. In five patients the ■ spheres 
■'verc removed because of tuberculous infection in the e.vtrapleuml space whicli 
developed two months to two yenia after operation. In most of these eases re¬ 
moval Was relatively easy, but in two cases all of the spheres were not'recovered. 
One of these patients was subjected to a second operation to recover a sphere 
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Table Besubts in' rirnr-oxB C.vses 


AGE 

(YR.) 

IMPROVED 

UNIiLPROYED 

WORSE 

DEAD 

OPERATIVE 1 

late 


2 

1 

O 

1 

3 


3 

1 

6 

1 

3 


3 

1 

S 

3 

1 


1 

0 

2 

3 

3 

60-70 

1 

0 

2 

0 

0 

10 (19.6%) 
Total mortality 35.3% 

3 (5.8%,) 

20 (39.2%) 

s (15.7%) 

10 (19.6%,) 


embedded in the apex of the lung which could not be found at the first opera¬ 
tion. Four of these patients had draining sinuses and one an open woimd. 
One patient who developed a tuberculous infection of the extrapleural space 
two months after operation had a wound separation and a fatal hemorrhage 
from the wound. 

RESULTS 

We have considered as improved those patients who improvM s 3 'mptomati- 
cally and who had negative sputum; as unimproved (two patients) those who 
were not made worse bj' the operation but who continued to have sj'mptoms and 
unsatisfactory sputiun examtuatious; as worse, those with positive sputum and 
continued progression of the disease. The complete results are summarized in 
Table lY. Ten cases can be classified as improved. These ^vill be given in detail. 
Twenty were definitel}' woree and seventeen patients died as a direct result of 
the operation; one patient died two years after operation fi’om coronary occlusion 
(no autopsy). The corrected late results in fort 3 '-two cases are summarized 
in Table Y. Excluded from this table are eight operative deaths and one re¬ 
covery in which no spheres were inserted following entry of the cavity. 

Eight cases in which death occurred from seven to sixty da 3 ’s postopera- 
f tively are considered operative deaths. All these patients were poor operative 
risks, four of them hopelessly ill. In three of these cases the carnty was entered 
and no spheres were inseiled. Death resulted from infection and respiratory 
failure. In three cases the spheres were removed six to eight days after opera¬ 
tion because of marked d 3 'spnea. One patient died as the spheres were being 
removed on the tenth day. Another patient died of circulatory failure attributed 
to a redirction in size of the pulmonary vascular bed. 

Of the ten late deatlis which occurred from two months to two 3 ’ears post- 
operatively, four resrrlted from respiratory failirre, one from hemorThage from 


Table Y. Cokeected Results ix Fortt-two Cases* 


AGE (YR.) 1 

IMPROVED 1 

UXniPROVED 1 

WORSE 1 

dead 

20-30 

2 

0 

2 

3 

30-40 

3 

1 

6 

3 

40-50 

3 

1 

8 

1 

50-60 

1 

0 

2 

3 

60-70 

1 

0 

2 

0 


10 (23.8%) 

2 (4.7%) 

20 (47.6%,) 

10 (23.8%,) _ 

•Eight operative 
ento* of the cavltj- are 

deaths and one 
excluded. 

recovery In -which 

no spheres -were 

inserted following 
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n wouiitl wliieh liiid ojjciiwl ns a msnil of (iibni-enlotis infection in tho extn- 
plouml Hpneo, ono from a pulniniiary homori-linge after an operation for removal 
of tho splicrcs, one from I'cspiralory fniluro ami progi-cssion of the disease, and 
ono from a eoronarj' occlusion. 

Of tho flfty-ono cases, fo\irtceu weiv con.sidored to have definite bilateral 
cardtation while five others wore suspeeiod of having cavities on tJio opposite 
side. Of this group with bilateral cavities, onij’ four had a bilateral procedure. 
One of these patients was conaidcre<l improved (Case 4), ono died, and the 
other tiro had persistent cavities under the spheres. Bilateral procedures were 
not done in the remainder, with the exec|)tion of one case, l)ecnuso of death or 
dyspnea. One patient diagnosed by Inminography as Imving bilateral cavities 
had a unilateral procedure only (Ca.s<- 1). The sputum convci'tcd and is re¬ 
ported to have remained negative since operation. 

Ulevcii patients bad liad a pivvioirs Ihoraeoplasty and ono a bilateral 
thoracoplasty. Of llicsc, seven had .spheres inserted imdcr tho thoracoplasty. 
Two of these improved (Cases 1 and 2). Of the five who had spheres inserted 
on the opposite side, one improved (Case 101. Kive of the twelve patients died 
and two became worse. 

Of tho SIX patients in whom we thought exlraplouial pneumonolysis 'vitli 
plombage was indicated as the primary proecjui'c, three improved, one hod 
a tuberculous wound infection, and two died. 

Bronchoscopy was done on si.v (lalients Indore operation and oalj^ ono had 
findings suggestive of endobronchial tuberculosis. ^Vn attempt was made in 
our follow-up study, however, to do bronelmseoin' on all patients who would 
consent. Of the eighteen patients on whom bronchoscopy was carried out, to 
date, twelve had ulcerative tuberculous tracheobronchial disease. 

No effort has been made to draw conclusions from vital capacity studies. 
We have found the roeorded figuies to be inconsistent and frequently un¬ 
reliable and have therofoTO excluded them from tho study. 

niPROVEU C.VSKS 

Case 1.—J. B., a •tO-ycar-olil wliito mau, bad a bilatoral tbree-rib thorncoplaaty in 1942, 
foIloTTcd by a rerttion on tho right and removal of llireo more ribs in 1044. lio \vtu readmitted 
la .luly, 1915, witli positive sputum. Planograms rovcalod bUntcral cavitation and bilateral 
tbomcoplnsty. Extrapicurol pneumonolysis with plombage uns indicated. An anterior 
procedure «as carried out on llio right wJOi insertion of fifteen spheres. Despito tho fact 
that caritntion was present on the loft, a bllatoml proeoduro uns not done since tho spntnm 
eonvertod after tho first operation. He has since been discharged from tho sonatoriura and is 
now working bat has had no recent roontgenogrnins. Tho sputum is reported to bo consistently 
negative on culture. 

Case 2.—a I*,'a 45-ycnr-old wliite man, had a two-slago, sLx-rib thoracoplasty bi 1944. 
Tho cavity remained open. Ho uus admitted to Date Hospital in 1940 for revision. Clasaifiod 
“s: right thoracoplasty with rosidual cavity, loft P.A. A. revision of the thoracoplasty was 
indientod. In July, 1945 anterior oxtraploural pneumonolysis wns porforme<l under tho 
thoracoplasty wifli insertion of sWcon spheres. Fire months later, becanso of a peraistant 
“vity, tlilrteon nddlllonnl spheres wore inserted through a posterior incision. Subsequent 
roentgenograms did not show a cavity and there was no progression of the disease. Tho pa- 
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tient had one positive sputum examination in March, 1947, but subsequent cultures vrero nega¬ 
tive. The patient is now working as handy man in a Chicago hospital. 

Case 3.—W. H., a 42-year-old white man, was admitted to Duke Hospital in November, 
1945, with cavitation on the right. Classified as: right F.A. nith cavity, left M.A. A 
thoracoplasty was indicated. Through a posterior thoracoplasty incision the third and- fourtb 
ribs were removed, an apicolysis was performed, and an unknown number of spheres were 
inserted. The first two ribs were left intact in order to prevent deformity of the chest and 
to prevent pressure on the nerves and vessels by the spheres. A second stage was performed 
and the fifth, sixth, and seventh ribs were removed. The sputum was positive on discharge 
from the sanatorirun in November, 1947, but subsequent specimens were negative on smear 
and culture. Clinically he is doing weU. He refuses bronchoscopy. 

Case 4.—^V. K., a 32-year-od white woman, was admitted to Duke Hospital in November, 
1945, with roentgen evidence of bUateral cavitation. She had had one positive gastric washing 
in 1942, but had never had a positive sputum. Classified as: right F.A. with cavity, left 
ALA. with cavity. In this case we should have recommended thoracoplasty on the right with 
extrapleural pneumonolysis later on the left with paraffin or oil plombage. She had bilaternl 
anterior procedures with the insertion of fifteen spheres on each side. Discharged from the 
sanatorium one year ago, she is now beginning to work. Bronchoscopy in February, 1948, 
revealed no endobronchial tuberculosis. Sputum has never been positive. Eoentgenograras 
showed no progression. 

Case 5.—^K. Y., a 61-year-old white woman, was admitted to Duke Hospital on Dec. 20, 

1945, with cavitation in the right apex. Classified as: right F.A. with cavitation, left M.A 
A thoracoplasty was indicated. An anterior procedure on the right was carried out with in¬ 
sertion of twenty-seven spheres. She improved clinically but is slightly dyspneio and con¬ 
tinues to have a moderately productive cough. Single sputum specimens on two occasions 
were negative on culture. 

Case 6.—M. E., a 21-year-old white man, was admitted to Duke Hospital in February, 

1946. Eoentgenograms revealed cavitation in the right apex. Classified ns: right M.A with 
cavity, left ALA. A thoracoplasty was indicated. An anterior approach was done with in¬ 
sertion of forty-nine spheres. Subsequent roentgenograms showed no progression of the dis¬ 
ease; there was no evident cavity. Sputum examinations have been consistently negative. 
The patient is now working and asymptomatic. 

Case 7.—C. P., a 21-year-old white woman, was admitted to Duke Hospital in February, 
1946, for surgical collapse of a persistent cavity in the left apex. Classified as: right M.A., 
left F.A-. wth cavity. A thoracoplasty was indicated. An anterior procedure was done on 
the left with insertion of thirty-three spheres. She developed tuberculous meningitis eight 
months postoperatively, but gradually recovered writh the aid of streptomycin. She is still .on 
strict bed rest, but the sputum has been repeatedly negative on culture and symptomatically 
she is improved. 

Case 8.—E. AI., a 42-year-old white woman, was admitted to Duke Hospital in Feb¬ 
ruary, 1946. Roentgenograms revealed a cavity with a fluid level in the right apex. Classified 
as: right F.A. with cavitation, left M.A. A thoracoplasty was indicated. An anterior pro¬ 
cedure was performed, but the number of spheres inserted was not recorded. Sputum re¬ 
mained negative on smear and concentrate since discharge from the sanatorium one year ago 
and is now asj-mptomatic and doing regular housework. 

Case 9.—E. D., a 5S-year-old white woman, was admitted to Duke Hospital in February, 
1946, with cavitation on the right. Classified as: right FA. wth cavity; left clear. A 
thoracoplasty was indicated. An anterior procedure was performed with the insertion of 
forty-two spheres. FoUow-up was done at the Florence-DarEngton Sanatorium, Florence, 
S. C., and the patient is reported as “clinically well and sputum negative.” 
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Cabe 10. P. A 31'ycnr'olil white nuiiij iiad a two-stnpo thoracoplnsty on tho lelt 
in 1013, followed liy nn nnlerior elnRc in 1915. llocntgciiogitims on ndrai-olon at Doho llospi- 
tnl in liny, 1010, rerenlcd a oivlly in tho right apex. Classified ns: right P_.V. irith cavity, 
left thoracoplasty, rinnogmms revealed no evident cavitation on tho left. E.strapleural 
pneumoQOlyslfl with plomimge was indicntc<I. An anterior procedure wna done on tho right; 
seventy-two spheres were inserted. Ho had some dyspnon after operation. Plnnogrnma in 
Hecctubor, 1017, rovonlod no evident envitation. Pputum was negntivo on culture. Tho pa¬ 
tient is now at homo on limited e.sereisc. He refuses bronchoscopy. 

COMMENT 

Bxtmplcural pncuiiioiioly.sis ivitli plonilingo is n desirable operation bceniisc 
it enn be done in one singe, it is tecbnieally cn.sy in the innjority oi enses, the 
paticiil.s tolerate if tvell, f)tero is no defomiity of the cliesi, the ftmefion of good 
lung tissue is innintnined, and the hospital slay is short. 

It is not surprising, therefore, that repented allcinpts have been made to 
find the ideal inalerinl for insertion in the exlrnplenrnl space to maintain pul¬ 
monary collapse. It is not stirpri.siitg also that these attempts have failed i-e- 
gnrdlcss of tho type of material nsed, largely heenn-so of tho snseeptihility of 
the extrapleural space to iufceliou; bill of the many .snlislnnocs employed for 
this purpose, air,* oil, and pawfliiH have hcen tlic most snccossfnl; their use, 
hoirever, is limilecl to highly selected ca.sc.s in uhich tlioracoplasty is not in¬ 
dicated. Experimental studios at firat seemed to indicate that Luoite spheres 
approached tho ideal plomimge suh.sinnec heennso of their case of introduelion 
and their inertness in the Iwdy, Init clinical trial has failed to sulwtautinto the 
early promise of the operation. 

Attention has been enllcfl in a pivvioiis rc]iort’ to tho dense hyaline tissue 
which forma around the spheres in the experimental animal. Wo found this to 
ho true also in thiec clinical eases williout ])rcoporativc evidence of infection in 
whicli iro olectivch' removed or affenii^fod to remove the spheres from tho extra¬ 
pleural space. .Since Lneite has hcen shown to ho nn inert material in tho body 
the probable cx]>hvnution for this phenomenon lies in tho spherical shape of tho 
plastic material winch allows sufficient space hcl-wccn tlie spheres for serum to 
, accumulate, clot, and organize. Ojicc this dense hyaline mass has formed it is 
very difficnlt to remove the sjiheres it encases unless infection and liquefaction 
of the snri*ounding tissue occur. Removal of the spheres post mortem in one 
case required a mallet and chisel. It appears, tliorcforc, that Lucito plombagc 
in some cases must ho a dcfiuiti-vo procedure. If it is not successful in a given 
case, frequently no other procedure, such as thoracoplasty or resection, is 
feasible since tho success of such an operation is dependent upon removal of 
the spheres. 

Early results of the operation of Lucite plomhoge as performed at Duke 
Hospital* wero eneouraging hut Wilson was earoful to call attention to the fact 
that **too few eases had been completed and that too short a period of time had 
elapsed since operation to evaluato tho results of this form of collapse therapy. 
The lato results presented in our report emphasize tlie cogency of this warning 
when dealing with such a disetiso as tuhorculosis. 



180 


THE JOURNAL OF THORACIC SURGERY 


Although our late results do not justify the continued use of Lucite spheres 
in the extrapleui’al space, it is possible that subsequent reports from other in¬ 
stitutions may show that Lucite has, like paraffin and oil, a limited useful¬ 
ness as a plombage material. 

SUAIIMARY AND CONCLUSIONS 

1. Piftj’^-one eases unth operation a minimum of one year and sis months 
to two years and ten months prior to this report have been presented in which 
extrapleural pneumonolj^sis Avith Lucite plombage was attempted or carried 
out. Ten patients (19.6 per cent) improved, three (5.8 per cent) did not im¬ 
prove, twenty (39.2 per cent) became woi'se, and eighteen (35.3 per cent) died. 

2. Lucite plombage in some eases must be a definitive procedure, for once 
the spheres are inserted they are, in our experience, extremely difficult to re¬ 
move unless the surrounding tissue is liquefied by infection. 

3. The late results of the operation as performed at Duke Hospital do not 
justify continuation of the procedure. 
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BXl’13I?rMBNTAlj iVND CLINICAL STUDY" OK COLLAPSE THBEAPY" 
USING PIBERGLAS WOOL AND FABRIC 

Thomas J. E. O’NeiMj, 51.U.,* ITkctoi: P. Rmondo RAitinEz, 3I.D, (bv 

lATATTATIOX), AND RonORT G. TbOUT, 3I.D. (BY INVITATION) 
Pnll.ADKT.I-ltlA, Pa. 

C OLL^YPSE tlicniiiy is n wcll-eslalilislied iiiclliod ol trcntnicut in pulmonary 
tuberculosis. Tlic simplest ami most ctVeclive tj^po o£ collapse therapy is 
artificial pnoumotborax, b^nr fitmi eoniplelc .snccc.ss is attained beeauao of the 
high incidence of pleural adiiesion.s. Even nlien tliey arc completely severed by 
pneuinonolysis, the lung may exhibit a Icndcney toward le-cxpnnsion. This 
is often initiated by the attendant pleiind reaction wbieb incites an obliterative 
process. 

A selective type of collapse would secai to be the ideal, whereby only the 
diseased portion of the lung is collapsed. The uiuUscnsod imrtions arc alloived 
to remain c-xpanded in order most clTlcieutly to carry on the functions of 
respiration. 

True selective collapse is scon to occur in only a small pcieentago of cases 
and, at that, it is certainly not at the deliberate design of the pneumotberapist, 
but rather by virtue of the relative physiologic rebitiousbips existing between 
the several lolics. Selective collapse may be considered ns occuiring when the 
diseased lolic is in a state of ]ioripbornl atelectasis (associated with a relative 
bronchial bnmtcnsion), whei'cas, the remaining lung ti.ssuc exhibits n marked 
tendency to remain Inflated. 

"Wlieu this selective condition does not prevail, collapse of the diseased 
areas also involves collapse of a ])nrl or nil of the imdiscnsed areas and thereby 
denies the patient a sizable portion of good rc.spiratoiy tissue. Efforts to pro¬ 
duce dcliborato selective collapse have been made. Thoiacoplasty bos been used 
extensively with n considerable degree of safety, but this always lesults in n 
severe degree of pliy.sical deformity and the end results arc not too gratifying. 

Extrapleural pneuinonolysis has been efbeiont ui bringing about good 
anatomic selective collnp.so, but this jiroccduro has been handienpiicd by a high 
incidence of siiuce infection as well as some tendency toward le-expansion too 
early. Attempts to combat tlicsc complications have i-esulted in the intro¬ 
duction of a variety of space-filling agents in the liclief that nn obliterated space 
would bo unfavorable for the develo]iment of infection.' Air, saline, oil, paraffin, 
body tissues, plain gauze, methyl mctbacrylato (Lucite), and others have lieen 
‘ Most of these agents are capable of mnintnuiing the accomplished 
collapse, but each has demonstrated certain undesirable features which arc 
invariably related to tlie physical, cbemicnl, or physiologic properties of the 
agents used. In short, because of heaviness they produce pressure necrosis, 

„ Read at tho Tu'cnty-olphth Annual Mootlnp of Tbo American AMocIatlon for Thoracic 
onrtepy, Qoebw, Canada, ilay 31, Juno 3, S, 3948. 

•Prom the Divlilon of Thoracic Sureor>', Halinciminn Medical Colloc© and Hospital, 
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soft agents tend to become liquefied, those that are unyielding result in penetra¬ 
tion into lung parenchyma, irritating agents give rise to infection, and, as in . 
the case of body tissues, these are too difficult to mobilize in sufficient enough 
quantities to be of value. 

In the search for more suitable materials, two Fiberglas® products have 
been examined. One is a Fibergias wool product grossly resembling raw cotton. 
The other is a woven fabric made from Fiberglas. 

This is a material which is inorganic, nonallergenic, pliable, nonhygroscopic, 
noncombustible, and is light in weight, one cubic foot weighing 0.3 to 0.5 
pound, t 

In an attempt to evaluate the ability of animal tissues to tolerate these 
materials as foreign bodies over a period of time, two series of experiments were 
undertaken. 

In one, Fiberglas ■wool was placed in the extrapleural space of each subject 
in a series of fifteen dogs. The dogs w'ere subsequently sacrificed and specimens 
wmre taken from the implanted areas. The duration in time of these implanta¬ 
tions ranged from one week to eight months. On gross examination, adhesions 
wei-e usually noted occurring between the parietal and visceral pleura im¬ 
mediately adjacent to the implanted Fiberglas. Fifty per cent showed moderate 
to occasionally severe giant-cell foreign body reaction, and aU showed either 
tliickened pleura or fibrinous deposition, indicating considerable tissue reaction 
encountered in the use of raw Fiberglas wool. 

The second group of experiments was carried out on fourteen dogs, in which 
Fiberglas fabidc was applied directly to the intact pleural surfaces in the fom 
of a bag to encompass a single lobe. First, the selected lobe was encouraged 
to become atelectatic, then, a sheet of Fiberglas fabric was fashioned about the 
lobe so as completely to contain it and prevent its re-expansion. Compression 
of the hilar structures was avoided. The dogs were saciificed at intervals and 
specimens were obtained at Vs; 1> 4, 5, and 6 months. Upon gross examination, 
the Fiberglas covering was found in place, undisturbed, showing no adlierence 
to the parietal pleura. The elotli was held in close apposition to the •\TSceral 
pleura bj”^ an adherence which was very fine and permitted extreme ease m re¬ 
moval by peeling, leaving a clean, shiny pleural surface, even at 6 montlis. In 
five unselected cases, efforts at re-expansion of these lobes were immediately 
successful by applying positive pressure through the dog’s endotracheal tube. 
On microscopic sectioning of the remaining nine of these lobes, there was seai 
in all cases an excellent atelectasis with patent bronchi. It was usual to see a 
minimal mononuclear infiltration and a very mild pleural reaction. The 
absence of fibrosis in even the oldest specimens is indicative of a reversible 
condition. 

•Fiberglas: T. M. Reg. U. S. Pat. Oft. OCP Corp. 

tThe Fiberglas superBne wool Is composed of glass fibers random-oriented In a bat 
Fiber diameter averages .00006 Inch. The fabric, kno'mi as "116 cloth," Is .004 In'^R I"!?,'! aii 
I s of balanced Fiberglas 450-% yarns, 60 ends per Inch In warp and 58 per Inch In me m • 
Each strand Is formed of approximately 200 Individual filaments. The average filamei 
diameter Is approximately .00022 Inch. 
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Lntc iK>sto|ierntivo x-itiy studios were iiiiulc on Aa'c dogs mid showed good 
collnpse of llic trented Jobes find normal x-ray appearnneo of tJic untreated Jobes. 

Comparable procedures were enrriiHl out on a series of patients in order to 
achieve selective collapse. 


CASK lUa'OItTS 

a\8E l.—y. a 20-ycQr-ol(l white woman, was admitted May 13, 1948, with a libtory 
of known pulmonary tuberculosis sinoo June. 1913. Pnenmothnnux \vns instituted on the 
loft nt that time and the patient iMwanio s\inptom-froc until SoptcmlK*r, 1947, at which time 
x-my showed dovolopmont of tuberculous involrement in the right upper lolw. Bed rest was 
instituted and the lesion l>ecnmo more exteusive; a cough developed during the past six weeks. 
Physical cxniuination rcvealctl a thin, So pound, nhito woman in no distress and presenting 
findings of pneumothorax oa the loft, (liest roentgenogram dcmonslmted the loft partial 
paoumothorax nod also tuberculous liifiltmtion of the right upper lobe ^rifh the presence 
of ft central ann of cavitation. On May 11. IDJ^, through the fifth rib l)ed an open pneu- 
toonohTjis with l-Hxjrglria covering was clone. The patient ma<le a rapid postoperative re¬ 
covery, and smears on three occasions for ncid f:i«i bacilli acre negative. 

CLvflE 2.—J, D., a 28-j‘ear-ol<l uhite man, wuh admitted Oct. 13, 1947, a diagnosis of 
pulmonary tuberculosis having been made in 1943. Tho patient received right pneumothorax 
In 1940 and this was shortly discontiiiuiHl as inetTeetuaL Examination revealed a fairly 
n’cll-dcvelopod and wclbnourisheil young man in no diurrr>’». There were absence of breath 
sounds below the fourth rib on tho right, and rropunnt rAlcs were heard in tho area of the 
scapula. .X-ray shmvod' infiltrtdion with ‘*uvitaiion m rjght upper lolx*, and free fluid in tho 
right base. On Oct. 22, 1947, an open pnoumonoly-.i^ was done through the right fifth rib bed 
and tho upper lolw wns encompnssol In Fil>ergIo> fabric. The patient made a mpid poit- 
operativo recovery and tlic sputum was convertol to urgwtive. 

Case 8.—IT. If., a 34«yonr-old white man, uns odniittctl Feb. 20, 1948, linving been ill 
slnco 1943; o diagnosis of pulmonary tuberculosis had been established in 1047. Pneumo- 
peritoneum was instituted in February, 1947, Ix^.-tiose attempts at pneumothorax were un- 
saecerafuL Tho pnllcnt had 33 horaoptysos in cirly 1946 and was admitted in that state. 
Examination revealed a tliin, pale, young, white man in no great distress. There were rnles 
over both anterior apices and left posterior upper lung fields and a friction rub was beard 
over tho latter. X-rnv showed pneumoperitonoom ond dense infiltration in the loft upper 
lobo with several cavities in evidence. On Feb. 27, 1948, on open pneumonolyais was done. 
Tho upper lobe resisted satisfactory collapse boennso of tho enseons pneumonio Infiltrative 
process resident in tlio parcncliyma. Cotlapso of the lobe was about 60 per cent, nevertheless 
the lobo was wrapped with Fibergns fabric and the remaining two lobes wore allowed to 
r«‘€Apand to fill the residual space. The patient made a rapid immediate postoperative 
recovery, had no rccorrence of Iicmoptyses, ond gained ten pounds in weight in tlio following 
three months. Tho sputum, however, continued positive. This typo of patient represents 
a poor choice for any tvpc of collapse tlierapy, and shonld rather have l)cen allowed resection 
of the lobe. 


Gabe 4.—n 30-year-old white mnn, wns^ftdraitted Jan. 15, 1947, having had a 
diagnosis of pulmonary tuberculosis four years prior to ndmisalon. Pneumothorax had 
been unsuccessfully attempted on the right. Physical examination revealed a fairly \roll- 
developod and nourished white man in no distress. X-my revealed infiltration in the right 
upper lobo with cavitation, and also a dense infiltration in tho left hilar region. On Jnn. 
17, 1947, a right extrapleural plombage was dona by first lining the extrapleural space 
^th Piberglas fabric and then filling tho resultant fabric sac with Kberglfts wooL This 
modification over the animal experlmontotion was done to protect the surrounding 
tlifues from the irritation found to bo caused by the mw or uncovered Fiberglas wool 
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The patient made a rapid postoperative recoverj^ and, altliougli tlie sputum is still posi¬ 
tive, the GafEky count is lower and tJjere is seen on x-ray- considerable clearing of the 
contralateral disease. Tlio patient is asyinptonialic. 

Case 5. — J. P., a 31-year-old white mnn, was admitted on Oct. 24, 1947, for check-up 
relating to a marked increase in dyspnea and the increasing tendency to turn a blue color 
with exertion. Past history revealed that ho had been a '■'sick baby” at birth, and that he 
had always been troubled with shortness of breath since he conld remember. In recent months 
he had noted sweUing of tlie ankles when doing limited light work. Physical emminatioa 
showed a well-nourished and developed young man in no distress when resting. There ^vns a 
marked blue cyanosis of the lips, tongue, and nail beds. There were no rales heard in the 
chest. The heart was enlarged and there was a systolic thrill over the entire precordium. 
There was a loud, grade 4, sj’stolic murmur present. Eespiratory function tests, angio¬ 
cardiography, and routine x-rays strongly intimated the diagnosis of (1) puhnonary tnber- 
eulosis, bilateral upper lobe, and (2) aplasia of the right ventricle, associated -(rith hypo¬ 
plasia of the pulmonary artery, and double superior vena cava. Therefore, reasoning that 
a single stage operation should be sufficient to afford major relief for both the pulmonary 
disease and also the cardiovascular anomaly, on Bee. 19, 1947, an open pneumonolysis was 
done through the fifth rib on the right and a Blalock operation was done, anastomosing 
the right subclavian artery to tlie hypoplastic right pulmonary artery. The patient's im¬ 
mediate postoperative course was excellent. Coughing, straining, or walking no longer pro¬ 
duced the extreme blue cyanosis—it was no longer present. However, due to bronchial hype^ 
tension, associated now u-ith pulmonary arterial hypertension, it very soon became impossible 
to keep the upper lobe collapsed as was intended at the time of operation in order to control 
the pulmonary disease on the worse side. Therefore, on Jan. 16, 1948, an extrapleural 
pnenmonolysis was accomplished, the space lined with Piberglas fabric to protect the sur¬ 
rounding tissues, the sac filled with Piberglas wool, and the wound closed in the usual man¬ 
ner with good healing. The sputum remained positive, not surprising in view of the active 
disease in the contralateral side. The patient was referred to a local sanatorium for a regimen 
of medical therapy. 

Case 6.—M. TV., a 45-year-old white woman, was admitted on Jlarch 13, 1948, known 
to have had pulmonary tuberculosis since 1945. The patient had been on routine sanatorium 
care and because of the extent and nature of the lesions, intrapleural pneiunothorax was 
judged as impossible, and she was admitted for surgical treatment. On examination there 
was seen a well-developed, obese (188 pounds), middle-aged woman, looking much older than 
her stated years, but in. no distress. X-ray showed bilateral upper lobe chronic fibroid tuber¬ 
culosis -with multiple cavitation bilaterally, more extensive on the right. There were per¬ 
sistent rSles heard over the left upper lung fields. On March 19, 1948, an extrapleural 
pnenmonolysis was done through the right fourth rib and the space lined with Piberglas fabric 
and then filled witli Piberglas wool, as was done in the previous cases. Table I shows the 
pulmonary function studies before and after this operation. The patient made an unevent¬ 
ful recovery, except that there was noted a too great collapse of the limg due to overfilling of 
tho space. Thus, on April 9, 1948, the old scar was incised down to the neck of the Piberglas 


Tabub I. M. TV., 45 TVP 



AUinSSION 

APRIB 8, 1948 

may 8, 194^ 

■ Actual vital capacity 

Eespiratory rate (per min.) 

2,550.0 c.c. 
11.0 

13.0 

1,250.0 C.C. 
12.0 
0.417 
5.01 

Tidal air (liters) 

0.609 

0.490 

Besting minute ventilation 

6.7 

6.3 

Maximal breathing capacity 

43.2 

45.9 

29.54 

6.8 

Omsteen factor 

6.4 

7.2 

Oxygen rebreathing bag 

Carbon dioxide rebreathing bag 

10.5 

5.0 


10.1 

7.62 _ 
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me, tlin me. ^nn opencil, niiil uIkiuI oiip-lmit oC tho iircriously Inserted plnss wool wn« rc- 

moTOl. At (he siime lime, ii flret stiiRe (I.,ropInsly w!(h renmrnl oT tho first iind second 

rihs wns enrritsl ont on (he left (rnntrnhitenil) side. Tho [mtieiit nmdo itti unevcntfnl re* 
rovory, so, on Ajiril K.S, 1U4S, (Ijd (homeophi.sty ivnn ennjpieied with (he reuioenl of the (Iiird, 
fourth, nnd fifth rilr>. Atriiin, rc-orery wns iineoiniilicnteil nnd Tnhic I Rives tlio piilmnnury 
function fiRures. Tho pntient simwed no luoro lijspnen nt dischnCKO (Imn sho did on nilniia* 
jion. Tlio spatuni amip fou\*crtiMl to iio;p\livo. 

CAfT>: 7.—J. G., n GS-^fnr'old mnn, nns ndmilicd April 0, lO-lH, his illnei'i^ from 

1937. A diapnosls of piilmoimry tulwrculosifl had bocii cstrililiahod in 1038. I^cmuothonuc 
WEB institutoil on llio Jpfl. In lOJl ji nix-rib tJior/icopI.istj* Jincl j^ocn done, llo nns nrlnjlfteil 
for BurRlcnl troafnicnf of a rcncthutcd Icnioii in (ho loft upper lobe. Kmniinfltioii revealed 
a wcU-dcvoIoped nnd nouriahcvl young nmn in no There wns evidence of a right 

thoracoplasty with a woll-controllctl unjerl^im; lung lesion. There wero persistent rfiles 
heard through tho left up|>or lung fields. X my showcil a right thoracoplasty with no evi¬ 
dence of tubcrcnlous activity, Tho loft lung field showed evideneo of a thickcncil pleura 
with tuberculous infiltration In tho upper loin'. On April 17, 1948, an extrapleural pneu- 
monolyala was done on tho loft. Tiio space was lined with Fiberglns fabric nnd tho sne filled 
witli Fibcrglaa wool, in tho same manner ns the pt«veding camjs. Tho patient mndo an on- 
complicated and rapid n'covery, and tt is too early to ovnluato Iho epntuni conversion. 

Case 8,—T. C., a 50-year-old white man, nns aJmitIcil Sept. £2, 1047, his third ndmis- 
sioa. A diagnosis of jmlmonary tuberculosis had bet'n made in 1038. In Novombor, 1046, 
a thoracoplasty hod been douo oa tho right side. This wns unsatisfactory so in February, 
1047, a rorision \rriK done with tho introduction of raw rjl*erglns wool into tho extraplcarnl 
space in tho hopo of gaining a Ix'ttor collapse. It noteworthy that this ia tho only case in 
which tho Fibcrglos wool wns not covered with Fil^Tglns fabric to protect tho tissues. Soon 
thero developed a draining and infected sinus in the revi.'-iun scar. In tho mcnntirao, several 
attempts at pncnmotliorax on tho left were mode without hucccjs. PJiysicol oxaminotion re* 
voaled on emaciated whito nmn in no oculo distrcK^ Theu* was bronchial breathing in tlie 
left middle lung fields. Tlio right posterior thorax shoal'll a well-hcnlod thoracoplasty re¬ 
vision scar with a small draining sinus. X-ray m'calcd a right thoracoplasty with no ap¬ 
parent ftctiro dJscoM in tho right lower lobe. There were mottled donsitlcfl in the loft upper 
lobo BQggostivo of cavitation. Oa Sept, 21, 1047, tho sinus tract wns excised along with 
tho previously deposited raw PilKjrglas wool, which wna now iu tho form of a flbrofatty tissuo 
mass measuring 20 by 10 by 2.5 mu On microM'opir si'ction there was sceu extreme fibrosis 
with many foreign body giant cell', which contained colorless fibrils. Tho wound healed per 
primam nnd tho pntient ims discJmrge*! to wjimforium cure. 

Case D.—IT. I., a 34-y«\r-old whito man, was admitted April 1, 1947, pulmonary tnbor- 
cnloiis having boon dingnosoil in 1045. Pnouraothornx was nttmpt(yl without success on the 
vighL Examination ro\'cnlod a wcll-developM nnd nourished man in no distress. Tlioro were 
rWei in tho riglit upper lung fields. On April 2, 1047, an oxtraplenml pnoumonol^-sls was 
done on tlio right and tho space was lined with Fiberglns fabric; this sne wns flUod with 
I'iberglas wool. Tho patient made a rapid recovery and tho sputum wns con\*ertod to negative 
and has so renmlnod to tho present. 

Oaee 10.—P. 8., a fortj'-threo-year-old while woman, was admittcil liny 12, 1948, for 
*’iVB>cal treatment of bilateral pnlnionary tuberculosis, known ns present since 1928. The 
patient had been treated in a nuiulwr of institution!', experiencing many remiFsions and ex¬ 
acerbations. Bilateral pnonroothorax, right pbrcnomphraiis, and pneumoperUonetun wore all 
abandoned as nnsncccssfuL On plij-slcnl examination, tho patient wns avoII developed nnd 
nonrishod nnd presented rfiles over'both upper long flolda with porcusslou dullness in the 
Mtromo apices, Cliest roentgenograms showed upper lobo involvement with suggestion of 
bilateral cavitation. On May 20, 104S, rxtrnplonnd pnounionolyBis ^vns dono on the loft, with 
insttllatiou of Fibcrglos fabric lining packed with Fiberglns wool in the usual manner. Tho 
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postoperative course was uneventful. It wns contemplated to do the oppasitc side mthin n 
two-Tveek period, 

TECHNIQUE 

For both types of operations the patients are given a general anesthetic 
using the endotraclieal tube and placed in the lateral homontal position. A 
cun^cd periscapular incision is made and carried through the superficial back 
muscles to expose the costal cage. With the scapula translated siiperoanteriorly, 
a section of the fourtli or fifth rib is removed. When the use of Piberglas cloth , 
wrapping is intended, the pleura is opened and an intrapleural open pneu- 
monoly'sis is done. The lobe is rendered atelectatic and a sufficient amount of 
elotli is cut to allow complete investment of the collapsed lobe. The fi’ee edge or 
periphery is infolded and sutured around tlie circumference of the lobar hilum 
with interrupted No. 40 cotton. This is accomplished in a gatliering manner 
so as to pro%dde a snug but not tightly* constricting covering. 

When the use of plombage is desired, an extrapleural strippmg is carried 
out in the standard manner. Then, the space so created is completely lined witli 
one layer of Piberglas fabric witli the neck of the elotli sac presenting at the 
wound. This sac is then filled without resorting to tight packing and the neck of 
the sac is sutured shut. In both operations a drainage tube is left in place with 
suction for twenty-four to forty-eight houi« to prevent accumulation of fluid 
incident to the operative trauma. The patients have all been ambulatoiy with¬ 
in twelve to twenty-four hours, restricted only by the limits of the tubing. 

DISCUSSION 

The indications for these procedures w'^ould seem to be the same as for any 
type of lesion in which one would expect favorable response to permanent col¬ 
lapse therapy of a selective nature. The problem of overdistention of the umn- 
volved lung tissue might give concern in the use of the Piberglas wrapping. This 
concern, however, should not be any greater than that appi'eciated in the nor¬ 
mally occurring sequence of pathologic changes seen wlien lesions of any type 
heal. This healing is attended by fibrosis and sometimes extensive contraction 
w’hich alwmys lays open the contiguous normal lung tissue to compensatoiy 
emphysematous changes. 

It is too early to evaluate the proper placement of these procedures in the 
treatment of tuberculosis. Other techniques have made their entry showing 
good promise, only to fail due to certain inherent faults, whicli in the course of 
time precipitated late complications. Caution is therefore advocated in the use 
of these procedures imtil more evidence is at hand concerning the limits of use¬ 
fulness and the development of possible complications. Encouragement is 
gained from the early results and it is hoped that a continuing favorable follow¬ 
up will justify extension of this project. 

SUMMARY 

Experimental studies were imdextaken using a combined series, of tw’enty- 
nine dogs in which two procedures were done. In one, extrapleural Piberglas 
raw wool packing was affected. This resulted in tissue reaction which was 
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Dcganletl ns tiiLsafisfnclory. In tlio second scries, Fibcrglus fabric was used 
intrnpleumlly to invest n selected lobe. This Avas found satisfactoiy in so 
fnr ns excellent selective ntclccfasis avus Accomplished, nnd also that the im¬ 
plantation of this mntcrinl occasioned only a minimal tissxie I'caction. The case 
histories of ten patients Avere rcA’icwcd. Jn three, the upper lobes Avere AA^rapped 
in Fiberglas fabric to accomplish selective collapse. ScA'cn lind extrapleural 
pnciunoiiolj'sis and filling of the created space AAith Fiberglas avooI. One of 
these had the raw wool alone placed in the space and this resulted in the same 
kind of tisstic reaction as seen in the dogs in Avhich there avos considerable 
foreign body response, and this lieeumc iufccteil and had to bo remoA'ed. The 
remaining six had the spaces Si's! lined with Fiberglas fabric which was shown 
in the dogs to be practically nonreactive. and then the lined spncc^Avas filled 
Arith the raw Fiberglas avooI. No infoctioiiH resulted in these nnd the collapse was 
regarded ns satisfactory'. 

\Y(j AN*i»h lo cxpreBi oar Ihankn to Iho Owonw A’ornlng Viborglaw Corporation, for tboir 
BPtiiBtnnco, and to Dr. (4. F. Froio for bis work (tu tho pathologic .Btudicfl. Wc are nlao 
indebted to Dr. Jfarttn Kntino who lirj«t «uggo.’'f<'(l the ubo of Fil>ergln8 as a prosthetic 
agent. 
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DISCUSSIOK OK CLlMCAL USE OV \ rKOSTHESlS TO PKEA’ENT OVERDISTHKnON OF 

THE REMAIKINQ LUKQ FOLLOAnKG PNEU-MONi:rT01lV " DV DR. JULIAN JOHNSON, 
DR. CHARLES K. KIRDY, DR, C. 8. L-ULATIK, aKD DR. J. A. COCKE* ; “ AN EVALU¬ 
ATION OP EXTRAPLEURAL rNKUilOSOLYSIS WITH LUCITE PLOSIBAOE,'’ 

DY dr. JOSIAII C. TRENT, DR. JAMES D. MOODY, AND DR. JOSFA’H S. 

IIIATT, JR.t; AND “EXPERIMENTAL AND CLINICAL STUDY OP 
COLUATSE therapy U81NU riRFJlOUAS WOOL .AND FABIUC” 

BY DR. THOMAS J. E. O^NElLL, DR. HECTOR P. REDON¬ 
DO RAMIREZ, AND DR. ROBERT G. TROUT 

DI{. IVrLLtAM’lL BIENEOFF, JB., Baltimore.—I have enjoyed the papers very 
much indeed, hut there are two points I would like to comment cm. In tho first ploc^ I 
think tho term ‘^compensatory emphyremn’' is nn Inuppropriato one and used rather loosely. 
Eraphyscnui. Is n pathologic condition which denotes fragility of tho elastic tisane in tho 
alveolar septa, together ultli rupture of nh-eolnr walls and confluence of cJveoIL This is not 
a compensator}' mechanism but a pathologic change. ^Vhat is meant, and the correct term 
»e<mis to mo to be used, is “compensatory dUatntioa” of tlio roroalning luag folloudag total 
pneumonectomy. In '1935,t I believe, in conjunction with Heuer and Reichert, a series of 
w^yeriments were performed to prove what happened to tho remaining lung following total 
pneumonectomy in tho dog. This experimental work 8hov\-cd conclusively that the remaining 
long undergoo* a compensatory dilatation foUoAving removal of one lung which dilatation is 
confined to the definitive respiratory unit, composed of tho ductus alvoolaris, atria, and 
alveoli, there bobig no changes in tlio main bronchi and not the slightest evidence of the 
pathologic condition emphysema, as just deflued. 

*8ee Pago 144 for nrtldo by Johnson, Kirby, Lasatin, and Cocke, 
tSee Paco 178 for arUcIe by Trent. Moody, and MlatL 

mienhoff, AVlUlam P.. Jr., Reichert Fred and Heuor, Georee J.: Bull. Johns Hop¬ 
kins Heap, 87 , 871-388. 1985. 



188 


THE journal op THORACIC SURGERY 


In various autopsies, including tlie first case done at the Jolins Hopkins Hospital by 
me in 1933 for fibrosarcoma of the lung (the patient drowned five years following operation), 
and in another instance, a woman of 70, who died six months after operation due to cerebral 
metastases, section of the lung at autopsy showed no evidence whatsoever of emphysema, 
but established unquestionably the compensatory dilatation that was foimd to exist experi¬ 
mentally. Also, there has never been any evidence of right ventricular^ hypertrophy following 
total pneumonectomy. Therefore, I think the term “ compensatory emphysema ” should not 
be used, but instead, ‘ ‘ compensatory dDatation. ’ ’ 

The second point that interested me particularly in Dr. Johnson’s remarks was the 
fact that Lucite balls were used to obliterate the thoracic cavity following total pneumonec¬ 
tomy for malignant tumors. It is my opinion tliat compensatory dilatation of the remaining 
lung following removal of one lung for malignant tumor should not be prevented, therefore, 
the use of plombage is contraindicated. This may not, and probably does not, apply to total 
pneumonectpmy for tuberculosis, because dilatation of the remaining lung might lead to a 
tendency to spread of the disease in that remaining lung. However, that is not true of com¬ 
pensatory dilatation in the remaining lung following total pneumonectomy for nonspecific 
infections such ns diffuse broncliiectasis or infected multilocular cysts. In a series of more 
than 200 cases of total pneumonectomy, mainly for malignant tumor, but also for inflammatoiy 
conditions, we have not foimd it necessary to use any form of intrathoracic plombage and 
have felt that the reason our patients have had a minimal amount of impaired cardiorespira¬ 
tory function is that there was a maximum opportunity for the remaining limg to undergo 
compensatory dilatation. The foUow-up study at the present time is being continued and 
wUl be reported at a later date. 

The very fact that after operation patients having a total pneumonectomy for one reason 
or other are somewhat short of breath even though in an oxygen tent, bnt later are able to 
breatlie perfectly weU and not only perform their vocations but as well their avocations, 
would seem to indicate that compensatory dilatation is physiologically very helpful rather 
than harmful. Therefore, any method employed to discourage or impair this compensatory 
dilatation, it seems to me, would have a deleterious effect upon the patient. 

DB. H. E. DECKEE, Pittsburgh.—I enjoyed these papers very muelu I have had no 
experience with the new products used as packs after extrapleural pneumonolysis but I linvo 
had some experience with paraffin pack, a rather small series to be sure, but intere.sting to 
me because I was able to trace the cases through a period of from eight to fifteen years. In 
a group of 16 eases in which I used parafiin pack, for apical cavitation and bUateral tuber¬ 
culosis, there are 3 patients surviving now for periods of eight, thirteen, and fifteen years, and 
apparently perfectly well. I will show later the slides of these cases and discuss them a little 
more fully. I have a feeling from hearing the paper by Dr. Trent and his co-workers that 
they have discarded Lucite as the medium for holding the extrapleural pneumonolysis down. 
I am sure the figures published through the literature irith reference to paraffin pack are bet¬ 
ter. The difficulty, however, is this: Alm ost aU figures tliat one reads in the literature cover 
a foOow-up period of not more than five years. Most of them are just for immediate post¬ 
operative periods or less than three years. I am sure, therefore, that the figures us published 
will deteriorate as time goes on. It is so ui my own small series. Eor instance, the series of 
16 patients, in whicli the pack was used for tubercidosis, shows only 3 known to bo living and 
well. Eleven are known to be dead over a period of from one to four years following the use 
of the pack. The cause of death mainly is progressive tuberculosis. 

I would like to show two or three slides of these patients wlio are surviving today after 
the use of the pack. 

(Slide 1.) The patient was not in very good physical condition and we suggested this 
procedure. This is the picture taken immediately after the operation.* 

(Slide 2.) The man was admitted to mj' cure following persistent hemorrliage in 19^' 
It seemed that the paraffin packing might be sufficient to stop the hemorrhage, and it did- 

*The second .slide sliows tlie pack after eiglit years, tiie apical cavity closed. The patient 
Is clinically well of tuberculosis. 
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This iKitlcnt vma dipchar^oil in lO.T" n? woll. Tliin picture rvna tiikon two uioiitUfl ago. 

Ho worked four renrs in Czeflio:<lovakm «n hi« form and then na n prisoner in h Genunn 
flgrieultuml cnni(>. ITo ht now on Jifv way (o a fariu In Oregon, npporenfty enfirelv roeorcrp<[ 

nnd linnng 110 M-mptonii« from the |KU'k atill in jdiu'O. 

DR. -.T, D. GROW, Denver.—1 wuh very impre^aed ttith thc^o papers, altliougli when we 
consider tho oiiemtioii of wfmpleural pneumonohuls wo most consider an operation which 
has not found n great place in trentment of tuberculosis. At tho sauio time there arc many 
instances in which there is no other pr<H‘eiluro to Ikj o/Tcrctl the patient These were well 
outlined by Dr. Trent. There is no real comiHjtitloii between thoracoplasty and plonibngo in 
the patient whoso condition is auitablo for tliorncoplsay. However, for tho patient not suit- 
able for thoraeoplnsty, plonibagc o/Tors the only procedure whfcli will sjitisfnctorily control 
tho disease. jVs Dr. Trent said, tlio advnnlngeH of plonibngo are: (1) Any portion of tho 
complete lung ninj’ bo collapsed. (2) Pulnionury function i« prescrveih (3) A one-stage 
procedure is dono instead of multiplo prm*eiluri>s. (4) The economic factors, liospitaliiation 
and expense, nro reilucoil. (5) Following ploml-nge iJiero is no immdoxieaJ motion and a 
decreased incidence of spread. (C) Ijist. anil least important, plonibngo is not deforming. 

Our experience with plombngo is Itased on o.l 4*a.H4*s at the Xationnl Jewish Hospital 
m Denver, and 20 private coses. The cqsi‘s at the Xational Jewish Hospital are I>ettor fol¬ 
lowed, and those arc tho ones I will present. Of (he 63 eases, 78 per cent of those over six 
months following operation have n negatiro eputum. There urns one deatli, which occurred 
in a patient who had a congenital heart ailment, a high l)looil count, and rcsultotl from 
cerebral IhronilxTsls. 

I think It is important in con.shlering the .-ul'j«*ct, to consider (he toclinicnl features, 
l>eeaaso ajiparcntly tho results are largely <lqK*iiileiii on (no factors. First, tlio selection of 
eases, and second, the tcchniqao of operation. 

(Slides.) Tho anterior npproacli ns dovcril—4 by Gmhum and Joannidea is nseil. An 
incision la made along tho anterior axillary lino; ih-* second rib is rcsectoil and tho cleavage 
plane established Itotwoen endothomcic fosciu and ch«*j<f «a/J. f’rom nn nntorior approach, 
since most tuliercoloua ca\'ities are posterior, ont* euii dM<e<‘t the lung from tho cheat wall 
under direct vision, in the ndherent area. The luiporfmi**e of tlmmugh dissection of tlio 
modiaatinum should bo oraphnslied. As Dr. Trent point.Hl out. c.xlmpleuml plomlagc nmy 
have to bo a definilivo procedure unless the lung can bo disM’i'ted auTiy from the racdiastlnuni. 
When the pneonionolysis includes stripping of the upper IdIk’ from tho rne«liastlnum, it is 
possible to do a lobectomy or sonio other typt' of re^''<’tiou uuder tho Lueito plonibnge, leav¬ 
ing tho Lueito in place. 

Tho next patient shown had a rather thorough pulmonary function study. In spite of 
advanced discos© ho had a 124 liter per minute maximum breathing enpaoity, which is con¬ 
sidered quite good. Following bilateral plombnge, his nin.xinium breathing capacity nas 114 
liters per minute, a very slight rednetion. He still has a po.‘<ltivo sputum and is lio'mg con- 
sidorod for resection of tho right upper lobo under (ho Lucite. 

The next patient was a social U'orker for tlio Itosplfol. FoIJmvJng a first-stage 
thoracoplasty Ihcro -wns suppurative bronchitis and spread of tho disease to tho lower IoIk*. 
The entire lung became nteleetatic. and, in spite of repentc^l uttempta at bronchoscoplc aspira¬ 
tion nud re-aemtion of the lung, tho lung Tcnmine<l eollnpsod. Normal weight was 132 pounds; 
she was down to S2 pounds and slijiping very fast In spito of stroptomycin. "Witli the ex¬ 
perience of these previous cases it was thought possible to carry out a rather extensive pro¬ 
cedure oa a despemto risk patient. An cxtraplcuml pneumnnolysis of tho entire lung was 
done in one stage. 

To tho present time, four lobectomies and one pneumonectomy have been performd 
subsequent to citraplouml pucumonolysis nnd Lueito plomlmgc. PuJraonnry resection leaving 
the plomboge mntcrlnl in place is a tochnicnlly eattsfactory procedure. If extrapleural 
pnemnonolysls is dono, it is important to strip the lung from tho modiaBtlnum in order to 
make Bubfwquont resection possiide In those patients in whom the disease is not controUed 
by the coZInpso therapy. 
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DR. O. C. BEANTIGAJSr, Baltimore.—Following the work of Dr. D. Wilson and Dr. 
.T. .lolmsou I have been very much interested in Lneite ball plombage in the treatment of 
pulmonarj' tuberculosis and Lucitc ball prosthesis after pneumonectomy. 

The report on Lneite ball plombage by Dr. Trent is extremely discouraging. It is diffi¬ 
cult to justify Ids early morbidity and mortality but the late results are difficult to chal¬ 
lenge with our present state of knowledge. I now have completed plombage on 29 patients 
suffering from pulmonary tuberculosis. There have been no complications nor untoward 
effects. The first operation was done about one year ago. I do not have statistics. on end 
results since it is too early to consider seriously the end results. 

I vary with Dr. John Grow only on technical points. The posterior approach is pre¬ 
ferred rather than the anterior or lateral. The apex of the lung should not be freed from 
the mediastinum. If left adherent to the mediastinum there will be better drainage of the 
bronchi and the disease thus cannot bo displaced into good lung tissue and remain un¬ 
collapsed. 

In considering Lucite ball prosthesis after pneumonectomy, or thoracoplasty after 
pneumonectomy, there are two distinct problems—one is the cardiorespiratory function and 
the other is the flare-up of tuberculosis after pulmonary resection for tuberculosis. For 
patients who have had pneumonectomy for nontuberculous disease, as advocated by Dr. 
Rienhoff, I have done neither thoracoplasty nor prosthesis and the results have been entirely 
satisfactory. If cardiorespiratory difficulty arises one can do a thoracoplasty or prosthesis. 
In patients who have had pneumonectomy for tuberculosis the problem is different. If one 
waits for a flare-up of the disease, it is usually too late for treatment. An adequate 
thoracoplasty after pneumonectomy is a formidable procedure. In the last ten patients, 
through a small incision, under local anesthesia, Lucite baU prosthesis has been done four 
to ten weeks after pneumonectomy. The fifth such patient developed a Staphylococcus aureus 
empyema and subsequently died. The remaining nine patients liave had no difficulty, but 
the follow-up is short since the first was done in October, 1947-. 


DE. STUART W. HARRINGTON, Rochester, Minn.—I am- very reluctant, and am cer¬ 
tain most of us are, to put a foreign body into the chest cavity or any part of the body, as a 
matter of fact, where it is to be permanent. However, there are cases in which the remain¬ 
ing cheat cavity wiU require thoracoplasty, and I think it advisable that we explore these 
means by which we may avoid thoracoplasty to avoid overdistention or mediastinal shift whicli 
may be troublesome to the patient. 


My associate, Dr. Clagett, has been particularly interested in developing a prostheses 
for the chest cavity following pneumonectomy. He has given me a rdsumd of the work he has 
done in this field to the present time, which, with your permission, I wiU read: 

“Recently, Dr. SmaU, Dr. Grindlay, and I reported on the use of gelatin foam sponges 
to fill the pleural cavity after pneumonectomy. "We have carried out extensive studies on 
animals and have used the material clinicaUy in 20 pneumonectomies. We believe this mn 
terial has considerable merit, but it is graduaUy absorbed and since it causes no tissue re¬ 
action or fixation, does not accompRsh any permanent benefit. Experience with plastic 
polythene in various forms such as tubes for replacement of defects after tracheal reseebon, 
tubes for repair of stricture of the common duct, and sheets for replacement of dural de¬ 
fects, has demonstrated that this material causes little tissue reaction, is elastic and flexible, 
and can be molded or worked into various forms and shapes. We were encouraged to try 
the use of this material for prostheses that could be used to occupy the pleural space left 
after pulmonary resection. Bags, roughly lung shaped, were made of this material an 
were loosely filled with Pyrex glass fiber. This resulted in a soft, flexible, and very light 
weight prosthesis, which has some elasticity but which wRl retain its shape. Such bags wwe 
placed in the empty pleural cavity after pneumonectomy in a series of dogs. Neitlier m ^ 
astinal shift nor pleural effusion has occurred in these. animals. Pleural reaction consists o 
onlv a slight degree of thickening. Roentgenogpaphically these bags are almost invisi c. 
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There ^ve bocn no IndientionM of any pliyuiologlc disturbunce. Tho postopomtive coutm 
and condition wore much better than in tho control dogs tvhicb underwent pneumonectomy 
withoct insertion of tho pro«(hc^ls. Kxplorafory thomcotomy two end three months after 
pneumonectomy has shown only slight thickening of the pleura and at most, only a few 
centimeters of clear sterile fluid. 

*^This study on dogs has been in progress onij* a fc'v months, nud while it has been 
going on, another series of cxjmrimcnts has l>oen cfiiTio<l out in rats. The mts Imve had one 
long remorotl and the empty space filial with u prostlieses. Tlicse mts Iiavo been kUlctl at 
rarioos times postopemtivcly, and the plcuml reactions studied. Briefly, modi less fluid and 
exudate thnn usually follows pneumonectomy aas found, nnd this flnid contains fewer cells; 
tho plcuml cavity surface nnd tho bag nrc onrly surrounded by a soft mcrabrano of fllxr. 
At first tho membmne Is relatively thick, l»ut within two raontlis it is only a tJdn layer of 
filler. Tho tissue is not adherent to the bag; tlio l>ag can bo rojnovc<l without difliculty. 

^^Thero are some technical difHcuitics in the nmnufaefuro of these bags in tho desired 
shapes nnd sites, AVc hope to l>o able to derclop sites and shapes to correspond to the 
various segments of lung ns well as tlio entire Itjng. in (ho near fnturo. If those proatlicsca 
work out in long-term studies on animals os well a^ tliey have thus far, wo belicvo such pros- 
theses may liavc a useful place in tliomcic surgery.*’ 

As I have said, wo nil hesitate to m-o pro>tlirjies but there are occasions in wliich I 
think they may have (o l>o used, in order to avoid tliortcoplnsty. 

DR. A. il. VINKBERO, Montreal.—I shuuhl Hko to dmw your attention to n pro* 
ceduro which wo nrc now using at tho Omcc Dart nospital, Montretd, which wo think is 
worth whilo iKJcnuso we uso n living fascial suture, or shall wo say a living fascial sheet. 
Wo take a fascial sheet from tho leg and sew it a«'ro?-s the chest after depressing tho apex 
of tho lung 03 is dooo in extraplounil pneutuothorux. We suture it to the fifth interspaco 
and on tho mediastinal side we suture tho fascia to tho lung on its mcdiastmnl side. In this 
way wo hope to keep tho apex of tho lung down, and in tho few cases In which wo have used 
this treatment, it has Iteen auccoMfuL I should like to show you ono exnraplo of this pro* 
eednre. 

In snbscqucnt cases wo havo placed tho fascial «heet dirctly on tho apex, and in tills'^vay 
have produced what nature often produces, a thickened part over the lung which wo ^ri8h to 
eoUflpse. 

DR. LYMAN BKEWKK, Lo.-< Angelos.—I sliould like to report briefly on a 
small series of cares In wliich Dr. Dollcy nml I hare used the Lucito ball plombago with a 
very limited Indication. M’c Imvc not cmplowd Lucito bolls ns n primary plombnge in place 
of eitraplcuml pncumotliorax, but have reserved this technique for liad risk cases wlioro 
thoracoplasty had failed. In tlicso patients although pulmonary resection might have con¬ 
verted the spntum, such nn opemtion was not possible du6 to contralateral diseoso or poor 
general eonditioa. This includes a group of 31 patients, over 35 j-oars of age, who had 
vital capacities around 1,000 to 1,500; flve hod severe diabetes. No attempt was made to pick 
ideal cases os we Avoro interested to see what this procedure would do. These patients have 
been treated in the period from (ho past three to fifteen months. 

Tho technitpie of operation was simple. Tho operative thoracoplasty wound wns oponeil, 
a small extrapleural space was developed, nnd tJie Lucito balls wore placed in this apace, M o 
did not free the mediastinum as has l>emi rwommendoil earlier this morning. It is really too 
early to consider tho results in these cases, but we have had 16 negative cultures. In onalyxing 
our failures, wo find that broncliial stenosis, tuberculous tracheobronclilal disease, and cavity 
oUewhero in tho lung have been mainly responsible for failure to convert the sputnm. In 
addition wo havo gained tho preliminary' imprcs.sIon that certain giant tension cavities, and 
lobes almost totally destroyed by tuberculous disease, are not suitable for extrapleural Lucite 
pack following unsuccessful thoracoplasty. In some cases, too, it ^nis impossible to got ade¬ 
quate separation of tho lung. (Rlldes,) 
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Tlie majority of the cases reported tliis morning, I believe, have been mainly ones in 
which the Lucite ball plombage has been used primarilj^ in place of extrapleural pneumo¬ 
thorax. This represents a group of patients in whom the pulmonary disease was not as well 
stabilized as those in our group in which considerable fibrosis of the lung was present after 
thoracoplastic coUapse. It seems to be a reasonable preliminary conclusion that the lung 
in wliich exudative disease is present with little pulmonary fibrosis does not tolerate well an 
extrapleural Lucite ball plombage, while the more stable fibrotic lung following thomcoplastT 
will tolerate such a plombage. 

We believe, therefore, in cases where pulmonary resection is not feasible following un¬ 
successful thoracoplasty, further trial of e.xtraplenral Lucite plombage is definitely indicated. 

DE. C. W. LESTEE, New York.—It has been my privilege to have been associated with 
Dr. Andrd Cournand and his staff in the study of pulmonary function after pneuraonecfoniv, 
particularly in children. It is our feeling that overdistention is a condition t6 be reckoned 
with and should bo avoided. Our first studies one or two years after operation made us think 
that perhaps overdistention was not a factor where children were concerned. Soveral years 
later we restudied the same patients after they had passed the age of puberty and had be¬ 
come adults, and we foimd overdistention Avas sometliing to consider and that pulmonary 
function was definitely less good in those who had distention than in those who did not. iVe 
therefore thought that some method should be attempted to prevent distention of the lung 
while these children were growing. Thoracoplasty, in a child, of course, is a very deforming 
operation. We had not thouglit of Lucite, but of course most of the operations that I have 
done were in infected cases. Here suppurative lungs are being dealt Avith, and infection in 
the presence of a foreign body is something to be avoided. We therefore have tried a modi- 
fied form of thoracoplasty Avhich really is not a thoracoplasty’ at all. In opening the chest 
the fifth rib is removed completely, and then the fourth and sixth arc removed in their pos¬ 
terior halves. What we hope to obtain by this is that, as the child groAvs, the upper part of 
the chest AriU contract, and the rising diaphragm Arill prevent overdistention at least until 
the child reaches adult life when a thoracoplasty can be accomplished Avithont so much de¬ 
formity. We are, of course, studying these children as Ave go along. 

• (Slides.) These two cases are very recent. We cannot druAv conclusions from them as 
yet. One aaos an 8-year-old aaIio had extensive bronchiectasis of the left lung Avith contracture 
of the lung and shift of the right chest into the left side. After operation in AA’hich the 
fifth rib can be seen resected completely' and tlie fourth and fifth partly resected, the heart 
has moved back into the right side of the chest and there is much less distention. This child 
AA'as too young to attempt functional study; o.xygen.saturation Avas normal in the blood. 

The other cliild had essentially the same condition. After operation some shift can he 
seen, not very much. Wc found on functional study the residual air was 25 per cent, Avhich 
is essentially normal, and the results have been good so far. 

DE. J. D. MURPHY, Oteen.—YGien a stone is dropped into the placid surface of a 
millstream, there is set in motion a series of centrifugal AA’aves Avhich ultimately cover the 
Avhole pond. So, AA-hen the first Lucite ball Avas dropped into the extrapleural space at Duke 
University, Oteen being geographically close to Duke Avas early in contact AA'ith this wave of 
■patient enthusiasm and Ave succumbed. Having had some Amfavorable experiences during the 
extrapleural pneumothorax era of 1938 to 1939, aa'b determined to screen our cases carefully 
and attempted to select, therefore, only those cases Ave decided Avere good thoracoplasty risL- 

(Slides.) I AviU give you briefly our experience. There AA-ere 22 cases in all; H primary 
operations and 8 operations folloAving thoracoplasty in which the caAuty had not been cla'c 
There aa'os sputum conversion in 27.7 per cent, AA'hich does not approach that of thoracoplnst.v. 
There AA'crc 3 empyemas and 3 fistulas in the primary group; 1 empyema in the secondary 
cases and in 2 patients migration of the balls. In 1 patient 5 balls migrated into the ' 
astinum. They are still there and Ave are miable to find them. In one patient a ball migra^ 
up to the neck and produced pressure on the brachial plexus and subclavian arteries. ' 
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x\Tia T(*inovcd. ^\o linvo rciDOvctl a totHl of 9 packs. In cnsca in irhich onipycnia follo\ra and 
the rantcrhil Ls llquefiiM], it is nut difUcult. In cnsoa in which there hns not i>cen crapj-ema each 
ball is endow! in n fibrous cnpsulo, i»r<»senfinp n honcycomb-Iiko structure. Tlieso nre more 
diificult to work witli, hut enu Ihj removed without too mndi trouble. A uterine tcnocolura 
forceps hns l)een usc<l to reuioro merol deeply omlKKldetl Imlls. Wc have had no mortality. 
Wo stnrtCil these opemtionn in fh}pfcml>er, lO-ld, and !>eeomo so diseoumpcfl by 3D47 that in 
.Tuao Wo discontinuetl tliom. e will wnit nnhile l)cforc other plomlmpc materhils nro trietl. 

Dll. FRANK DOLTiKV, JAis AiipeK*s.—It Juis hcconio evident in Jjstoninp to tJio 
wenil uiieorrelnttsl imp<Tj* tliiit have jiust hivn dclivercNl on tlio subject of the introduction 
of Lurito balls Iw'twH'on tho lunp imd tin* clirst wall for tlio local collapse of Innp tissue nf- 
fectrtl by tulterculosls, that some uttempt >>Iiuul(l he miide to cvnlunto tho Ihlaps that havo 
l)oen said of this purtlenlar form of tn^jitincnl. 

ify nssodialo, Dr. Drewer, hns just reviewetl our results in flic uso of the Lucito pack. 
From tliC5M‘ results we arc more than ever eni*oumpeil in the use of Lucito balls. In other 
papers tho operation hns l)een uniformly coodemnotl. Tho riiison for tills divcrponco in opinion 
is due, I am oertnin, to tlio selection of cases. 

In nil our rases except one, we have <'Mnblisli«'.l a Liicite pack following thoracoplasty. 
Wo resect a small portion of tho rib imnic^liately lH*nentli tho thomcoplastic area, and find 
tho lino of cleavape nt flint point, .\fter ii small pis-kot is obtnincil by digital dissection, tho 
space is enlnrgetl, under direct vision by use of n Pjimeron light, Dy shari) nnd blunt dis¬ 
section tho lung und jairlotal ploora nre frretl fnmi the ininie<liatoly overlying tissues. 
Pafenthetienlly, It should bo said that ue wait from two to tljrre or four mouths following 
a manifestly unsuccessful tliomcophisty Iw'foro no iiilrotlm-e the Lui’itc Imlls. For, by so 
doing,.wc nro certain that the [»arle(nl plcum Hufilclenfly holi'l to niinimito tho danger 
of A pulmonary slough from Imll pressure. Wo carefully avoid freeing the apex of tho long, 
for wo trout tho pressure to l>r entirely Internl. 

For tho first tlirco or four days follouing fhi** pnKT'tnre, l)ut seldom longer tlian one 
\rock, tho patient U often conscious of the clicking of haIN in the chest when he moves around 
or coughs. After thnt time, I <lo not lK*lieve then* hns a case wliero a patient hns been 
eonsciotis of boll movotuent. 

On two occasions tvo have reraoved the balls sevcrnl w«n‘ks after insertion. Ono because 
of prrs.*uro ngulnst a bronchns, wJilch coa.'*e*l an almost constant harassing cough. This was 
relieved after sorao of thu Imlls were rcniovtNl. The other (Krasinn was boenUBO of post¬ 
operative, nontuberculous iufectiou. In both these case*', the sputum contiuueil iiogntivo hy 
culture. 

Wo Iiavo liad no deaths, and no coniplicntions that «p hnvo not l)eon ablo to roliiwc. 
Our laboratory reports show 50 por cent DCgntirc sputum by culture in our series. Wo have 
^i^ed tho Lucito pack only in cases where Uiomcoplajity has proved unsuccessful, and there 
seemed nothing oL«o which olTcrcd a rca-^ounbly good chnneo for conversion of tlie sputnm. 

So I say, os” I did in tho beginning, that instead of being discouraged ^vith tho results 
we have obtaincil, ^ro look upon the LucUc pack a.s a definite addition to our series of surgical 
procedures directetl toivnnl the cure of pulmonary tulicrcnlosiK, Aa in the choico of any op¬ 
eration for this disease, tho important thing is the choice of tho case selected for tho par¬ 
ticular operation contemplated. 

Dlt. ROBERT KT.OPSTOOK, Jamnirn, N. Y.—I should like to make two technical 
remarks nnd ono recommendation. If ouo hns to resort to any extrnploural compression 
therapy using nir or foreign body of ii provctl sulwtnncr*, this type of procedure should bo 
'^ed out only if tho pleunil space hns lioen tested for firm obliteration, prior to the op¬ 
eration, Extrapleural plomlmge is rtvomiiicndetl tui uu oi)erution of mlaimnin traumn in 

with limitttl reserve. The perforation likoly to occur into tlio pleurnl epaco if it has 
^^a free prior to operation niuv Ik? a very grave complication, particularly In patients with 
Umited reserve. Tho other tt'chn'iml iwlut that I should like to mako is tlmt the extrapleural 
spaco should bo almolutely dry, (esttnl for lieiiig free of coring before tho foreign mnterinl 
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is placed into it. Exudate in the plombage bed can exert prohibitive pressure upon the 
mediastinum and by mobilizing the plombage itself creates '“the floating” ineffective 
plombage. 

The recommendation, which may sound dissenting, would be to regard the plombage as a 
temporary procedure. One should remove the plombage,- irrespective of substance used 
(even if the result proved to be satisfactory) between six or eight weeks to six months after 
operation and to follow it up at the same time with a limited ax)ical thoracoplasty. The 
plombage, a limited surgical procedure if performed with delicate care, served its purpose 
by creating a very selective collapse. In order to secure the permanency of this selctive 
collapse it seems to be safer to replace the plombage with just a limited apical thoracoplasty 
than to rely on the plombage itself, for the foreign material stimulates the formation of a 
continuous!}' shrinking flbrous capsule around itself. The slow shrinkage can exert a con¬ 
siderable pressure within the capsule. The least resistant point outside of the capsule is the 
surface of the damaged limg toward which the late perforations are likely to occur due to the 
protruding of the plombage substance if the plombage has not been removed in time. Late 
perforations may occur from six months up to two or more years following operation. 

DE. TRENT.—I should like to sa}' in closing that certainly we agree with Dr. Decker 
that the longer the eases are followed the poorer arc the results. Our follow-ups, I should 
like to remind you, although not very long, have continued for a minimum of one and one- 
half years, the longest approximately three years. I have one slide I should like to show 
you, wliich illustrates one t\pe of case included in the Duke Hospital series. Some of these 
cases like the one Dr. Brantigan iUustrated, were selective, in that the area immediately over 
the cavity, wliich is approximately under the second rib in this case, were selected for col¬ 
lapse and the limg aUowed to remain attached to the mediastinum. (Slides.) 

This was done approximately two years before this report. The pictures show the 
patient approximately one year after operation and immediately after operation. When the' 
patient was discharged the sputum was negative. While at home he resumed activity, had 
no symptoms, and was feeling weU. We considered this a good result. A few months ago 
he began to develop symptoms and felt he should return for check-up. He returned ttvo months 
ago and the film on the right was made. The smear was found loaded with acid-fast or¬ 
ganisms two years after openition. 



AN ANALYSIS OF VjUUATIONS OF THIO SKGMFNTAL BRONCHI OF 
THE RIGHT LOAVER LOBE OF FIFTY INJECTED LUNGS 

Fkankmx R. SiiiTri, Al.D.,* Iloi’iifiiTKit, Mixx., and Ei)\VAnn 
A. Bovdex, Bii.I)., JIixxti,\i'oi.ifi, JIixx. 

iNTnonucnox 

N OTAVITIISTANDING llio j'oiioml nc-oeptnucc in thin country* of tho .Inckson- 
JTul>or tenninolojo* of the hroiiehopulmonnry sepmentfi. nnd in the Britisli 
Kmpiro of tho sonicwlmt diffoi'ently nnined In»l cniTospondiiiff zonw, tliere seems 
not to have been made, ns yet, n statistienl .study of llic variations of Die lower 
lobe segments. Brook (Itl-Ki) discussal tliose from the standpoint of tlio vnrj’- 
ing nmotnit of territory a given .sogtnent can cover nnd iniblishcd excellent figures 
of some of these injceteil speoimons. However, thei^c still rcmniiLS the tn.sk of 
nnnlyriug variations in the light of an eni]»irically established prevailing i)atlcni, 
that i.s, of dotorinining the ty[)icnl aurfaeo awi of a segment nnd then noting 
how often, nnd by what other bnnieln, this is supjdied in whole or in pnrt. Such 
nn analysis would seem to be a neoe.ssary preliminary to accurate loculismtion 
of lesionn of tho lung nnd to surgical resection of its segments. 

Tlio pre.scnt study is restricted to tlio segnients of the right lower lobe, but 
a companion article (by Borg, Boyden, nnd Smith), dealing with tho segments 
of tho left lower IoIh?, (ogetlier with a summarj* of the differences Iwtwccn the 
two lobes, i.s being prepared for publication.f 


StATWtfAt. and iirmtOIK 

Fifty frwh specimens of right lower IoIick Imve l)oen hwmI In this «tudy. Tho tcclmlqau 
of injection was tlmt cmploycil hy Bennriell (J9t7). After tlio liilnr region Imd Iwen frccil of 
'wela and l^mph nodes, the primary !»rnnrlie.-« of (he right lower lol>e stem wore dlspoctcd from 
the surroonding parenchyma for a distance of nI*out 1.5 nn. In many instances tho level of 
primary* branching of each segmental bronclius uns renrlied nlso. Following partial inflation 
with air lo clear the pnsj-agcd, onch segment was liijtvteil with hot colored gelatin at approxi* 
roately S5* C. The colored gelatin Avas prepnrnl by dissolving 75 Om. of U.S.P. gelatin and 
10 Qm. of potassium iodide in 500 c.c. of lap water at 100® C nnd adding 4 c.c. of appropriate 
'cgetnblo dyo to cadi 300 c.c. of gelatin. Simple onilino dyes avnllablo at the gworerj' store 
were used. 

Immediately after injection of each segment, tlio lobe was plunged into cold tap Avnter 
to old in the golUng of the segment. After two minutes it was removed from tlic cold Imth 
and another segment injected. Midv«-ny through ll\o proeofts the Intcraegmentnl ronTgins, as 
rcvenlod liy the colored masses, were drawn on the surface with India ink. Tliis step was 
repeated, following the completion of tho Injection process, but thia time the surface of tho 
opg was carefully dried with toweling, nnd under an electrlo fan, both Ixjforo and after 


tlm Department of Anatomy, tJnlvomlty of ^Hnnosota School of Srodlclno litJnne- 
■I'uiu, Aiinru 

np-,i,,*'M^'^£ffrnent of part of a thesis sobmlltcd by Fmnklln R. Smith to the faculty of the 
Bchool of the University of Jlinncsotn In partial fulrtllment of the roqulronicnts for 
deffree of In Surgerj*. 

by trranU from the Sledlcal nosoorch Funds of tho Gmdnate School as part of a 
^8 term program under the dlrocUon of E. A. Boyden, 

Received for publication Auc. 18, 18 - 18 . 

•Fellow In Surgerj’, Mayo Foundation. Iloclicster, Minn. 

«‘mparablo analyses of tho left and rlaht upper lobos, see Boyden and Hartmann 
Scennoll (19.17) ; Boyden nnd Sconnell (1948), and Scnnnoll and Boyden (1948). 
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application of the ink. In this manner the intersegraental boundaries were preserved perma¬ 
nently. 

After drawings were made of the anterior, posterior, and diaphragmatic views of each 
lung, the segmental bronchi and rami were dissected in order, to check and correlate the 
pattern of the broncliial tree with that of the surface distribution of the injected gelatin. 
The fact that the lungs were solid masses of gelatin made this step much more difficult than 
would have been the case if one were dissecting lungs preserved by the usual embalming 
methods, but the essential points could be determined in eacli case. After the tree was in full 
view and drawn for tlie record, the stem was opened and the location of the bronchial orifices 
noted on the drawing. 

The terminology employed in desigpinting the bronchopulmonary segments is that pro¬ 
posed by Jackson and Huber (1943). The numerical designation of branches is that devised 
by Boyden (1945). 


Riqht 
inf. Lobe 



lobe N 
Sup.Lobe ■ 


Posterior 


^•Es. X- 

Left 
atrium 





Level A 

(ThrouqK basoL truak) 



(1.5 cm. Lower) 


lying- branches of B* (see Fig. 3). Level B, section Just below origin ot H • to smw 
the lung supplied by the four basal bronchi (B’, B*. B’, B'”. X, interlobar rnwgim 
ing anterior (interlobar) from costal surface of lobe; Y, costoparavertebral margm, s ^ 
paravertebral from costal surface of lobe: Z, pulmonary ligament, separa^g anie 
paravertebral surface. Arrows, at Level B. Indicate direction of bronchi, the o ora 
B“, B", B’” are descending toward tlie diapliragni. Note that B'a supplies the anter 
B'b the paravertebral (and anterior) surface. 


THE GROSS CONFIGURATION OF THE RIGHT LOtTER LOBE 

The right lower lobe somewhat resembles a cone that has been flattened 
anteriorly and medially, left rounded on its posterior and lateral side, and t len 
telescoped from below. It thns presents four surfaces—a slightly curved an 
tenor surface flattened by the upper and middle lob&s, a paravertebral su ace 
lying against the vertebral column and grooved by the esophagus, a cos a 
surface molded by the euiwing ribs, and a concave diaphragmatic sur a 
indented by the dome of the liver. As seen in cross section (Fig- 1) the an en 
and costal surfaces are separated by the right-angled interlobar margin 
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tbe coslnl niid vcrtebrni .surTiices by nii obtuse costopnrnvoi’tobrnl mnrpin (Y), 
nnd the niilcrior nnd pnrnverlebml siirfneos liy tbe liihim nnd piilmoiinry lipn- 
mcnt (Z). 

Tbe costo-paravrrichral uiarciiii is Imrcly noticenblc in n fresh specimen, but 
it lies boon nrbitmrily indientod by n line in the llpnrcs on tbe riplit side of 
Plntes t to 4 (see Plnte 1 for desipnntion), since tbe iwsilion of tlic sepments 
cannot )«; defined easily without aueli n Inndninrl;. 

Tlic inicrlohnr mnriiin is sbomi in tbe flpnrcs on tbe left side of Plate 1. 
Tliis is the cdpo which marks the posterior tmrder of the interlobar or oblitiuo 
fissure. As pointed out by Brock (19421, this fi.s-surc licpins at the fiftli rib or 
tbe fifth interspace (one sepment lower than is usually deseribed in tbe anatomic 
te.xts) nnd follows the si.Ntb rib down to tbe diapbrapm. 

The anterior (or interlobar) xurfacc is not a fiat plane but is often gently 
curved. Superiorly, n.s the lobe thins out and becomes nearly semicircular in 
cross section, the anterior surface faces somewhat lalcmlly. This ])ortion is 
usually fu.se<l in varr’inp degree with the posterior segment (B’) of tbe upper 
lol)c. (See Plntes 1 nnd 4. \o. 40 and 49.) fnferiorly, tbe anterior surface 
faces more medially and is I'bai-actcrizcd by a fo.s.va which we have tenned tbe 
miloiis of the inferior vena cava (Plnte 1) to distinguish it from the fossa for 
the sui)orior vena eavui which carries tbe nnniomie term, sulcus venae envao, Tbe 
former is also a substantial groove. This was recogniml by Brans (1924), who 
gave it the vomaoular German name of Deilr. 

Laterally, the interior portion of tbe anterior .surfaec is crossed by the 
middle lobe. Tbe lower Isirder of tbe middle lobe u.sually passes from the hilum 
toward the Imver lateral angle of this anterior surface. (Sec lino .scimratinp 
subsegments D'b nnd B^n in specimen No. 29, Plate 4.) Tbe position of this 
inferior margin of tbe middle lobe is not marked by any ridge or rimovo on tho 
anterior surface of the loner lolte, nor have any of tbe fifty specimens presented 
a fusion of tbe middle lnl)c along this line. However, the pro.ximal end of the 
middle lobe frequently fuses to tbe lower IoIk> at tbe inferior or lateral margins 
of the liilum (sec No. 40, Plate 1). 

The superior margin of the middle loin* coincides with the inlcrfissural crest 
(Plnte 1) wliicb separates tbe surfaces on tbe inferior lolm that are covered, 
respectively, by the upper and tlic middle IoIh*. This line lanially coincides with 
the division Imtwcen upper aud lower ]>oi1ions of tho inferior lobo, the upper 
halt representing the distribution of the .sui>erior segmental bronchus (B*) nnd 
, the lower half tho zone supplied by tbe two basal scpmontnl bronchi (B'*’). 


THEsupimion sK<i,MENTAi, naoNciius (n°) 


Tho superior segmental bi'onclms is Uic first posterior branch of the right 
lower lobo stem and is situated just inferior to the level of tho orifice of the 
middle lobo bronclius and nearly opposite to it. It has three principal rami 
(Pig. 2, A); a medial (B'a), a superior (B“b) nnd a lateral (B“c).* This does 


Is the ijaravertobral ramus of Brock It ^as orijrtnaltr deslcnated the 

by Boi'den (1946), but the addlttoniU Information obtained In this study suc- 
medial Is more accurate than posterior. Also, In conformity to the method of 
branches of the richt lunp In counterclockwise order, the letters dcslpnatlng these 
rsmi haro been revised. 
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EXPLANATION OF PLuVTES 


(Sketches rendered for piibUcaiioii by Lawrence B. Benson) 


Sketches of injected fresh specimens of the right lower lobe of the lung, showing dij. 
trlbutlon of segmental bronchi. The large drawings on the left side display the anterfor or 
Interlobar surface: those on the right side, tlie costal surface as viewed posteriorly (XK) 
The smaller figures represent the diaphragmatic surface 

Color scheme: Yellow color, segment supplied by superior bronchus (B') ; B'a, b, c, dU- 
tributlon of its medial, superior, and lateral rami. IP7ilte color, segment supplied by sub¬ 
superior bronchi (B* and/or BX»). Blue color (anterior surface), segments supplied by medial 
basal bronchus (B’) ; a, b. distribution of anterior and medial rami. Bed color, segment sup¬ 
plied by anterior basal bronchus (B’) ; a, b, distribution of lateral and basal rami. Blue color 
(costal surface), segment supplied by lateral basal bronchus (B“) ; a, b. distribution of lateral 
and basal rami. Green color, segment supplied bj’- posterior basal bronchus (B”) ; a, b, latero- 
basal and mediobasal rami. (The highest branch of B” (BX*) is left uncolored when it sup¬ 
plies the subsuperior zone.) 


Plate 1.— Specimen 4S, The superior segment (B") is tjTtlcal as to size, angle of place¬ 
ment, and distribution of laml. The subsuperior segment (B*) is typical in position (except 
that it is pushed somewhat laterally by tlie invading ramus of B') but it belongs in that small 
group (14 per cent) in which the segment is supplied only from level 2 of the stem bronchus, 
that is by a subsuperior proper (B*). In this case, the bronehus arises Just above the orifice 
of B9. The basal segments are tj-pical except that the medial basal bronchus (B’) is defective: 
altliough originating at its usual place, it consists of a medial ramus only (BTr) ; the appar¬ 
ently missing anterior ramus (Bm) is represented by an acecssorj' branch (BX-a) of the an¬ 
terior basal, hence the latter (B*) appears to extend atypically as far as the sulcus of the 
Inferior vena cava. 

Specimen 40, The superior segment (B®) occupies the upper half of the lobe. Pos¬ 
teriorly, the lateral ramus (B^c) predominates, and its displaced deep branch (t) Invades the 
subsuperior region (for normal deep branch, see Figs. 2A and 3). The subsuperior segment Is 
thereby displaced somewhat laterallj'. It is supplied by the high dorsal branch (BX*) of the 
posterior basal (B'”). The basal segments are atj-plcal in tliat B“ is absent as such, being repre¬ 
sented by BX'b, an accessorj- ramus of E*b. Consequently in this specimen, the anterior basal 
segment extends more posteriorly than usual. BT) falls to reach the diaphragm. 


Plate 2.— Specimen 48, The superior segment (B*) occupies an upper wedge-shaped zone 
of the lobe. Both it and the posterior basal segment (B’") a're shortened by the imusual 
paravertebral extent of the subsuperior segment. The latter is supplied by three bronchi—one 
subsuperior proper (B*) which arises Just beneath the orifice of B’, and two accessory' suh- 
superiors (BX*) which arise several centimeters lower down from B'*fe and B^b. The lateral 
basal segment (B*) is shortened by the unusual spread at B’a. 

Specimen 42, The superior segment (B*) occupies an oblique half or less i J 

-Again ramus B^c predominates posteriorly. The subsuperior segment Is a small nnld-posteriw 
zone supplied bj' BX* (10). The medial basal segment (B’) is demarcated by a deep 
which extends to tlie center of Uie diaphragmatic surface. The anterior basal (B*) is anomaioiu 
in that while its bronchus arises from the usual position it consists of the lateral rainus on^ 
(B’a). (This, in turn, has an accessorj' branch [BX*c] which takes over part of the ternmiy 
above the Interflssural crest, that is. the zone usually supplied by the superior bronchus, u.j 
The basal portion of the anterior basal segment (BX’b) Is taken over by an accessory branca 
of the lateral basal broncluis (B”). 


Plate 3.— Specimen 50, The superior segment (B”) is obliquely placed. Ip A? 

of Specimen 40 (Plate 1) the segment in this specimen descends furtlier anteriorly tnan pu 
terlorly. Also B'c predominates posteriorly. The subsuperior segment is supplied by mo 
superiors proper, the first B* arising midway between the orifices of B’ and B*, the . 

Just above the orifice of B*. yet, curiously enough, they terminate side by slda ji-. 

low origin of the second B*. the accessorj^ subsuperior (BX*) was presumably 
tribute much lower than usual; for tliis reason it has not been Included in the 
ment althougli its designation has been retained. This is also the only specimen 
in which the lateral branch (B"a) of the lateral basal segment reached the diaphragm, 
wise, the basal segments are tj-plcal. , 

Specimen 46, This and No. 42 (Plate 2) illustrate that 38 per cent of wn. 

the Bubsuperior segment is supplied only by the BX* ramus of B’”. It differs from that 
42 In that it extends into the paravertebral area. The other segments are tj^pical. 

Plate 4.— Specimen 39, This Is the only specimen encountered in which Uiere 
subsuperior bronchi arising exclusively from the stem of the posterior basal (is L Also, 
upper one, however, may properly be considered as supplying the sdbsuperlor segme 
this specimen resembles No. 42 (Plate 2) in that B"a takes over a portion of me sup , 

ment by virture of its accessorj- ramus. BX'c. It differs in that IPb is normal in o b 
not a branch of B' as in No. 42. .... . -uomI neement 

Specimen 49 , This is the onlj' specimen encountered in which the anterior bara ^ 

(B’) existed as a separate lobe. As shown in diaphragmatic view, the v,noal (B') 

cleft- lobe whlcli seemed to liave protruded from Its position between Oie had a 

and lateral basal segment (B'). This specimen Is also the onlj- one m whld' 

distinct cleft between superior and basal segments. It Is also peculiar in the exie 
the superior segment is fused to the upper lobe. 
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SMITH AND DOYDEN : SPXIMKKTAL imONUHI OF niQIIT LOWER LODE 


109 



Fip. J,—A, Anterior view of aujuirior ^^plnentJll bronchus (1^). *hnwlne nmineement of Its 
three rantl—-irhi, B*b. IIV— In an onilmlniod epocimen (act* Kip. “,/»). M'hllc thl« rcprc.''cntf! 
the common \yy^ of olCurcntlon into + b nn<l RV It i« oU’ptcni In thnt It rcecnibU*# a. tri¬ 
furcation. For more tjTilcal mode of bmnchlnR. neo B*. Flp. 3, C. 

JJ, DlftKram of tmnat'crjw; jK^rllon of the riKlit lower lobn throuph the lower imrt of Ujo 
bawl aeRTnenla. Note that the ine^Ilnl bajiol iK*im>ent (B’) la placed athwart the other baanl 
•CfTmenU (D‘, B*. B**) nn<l that the latter exhibit a layerinp. IC ovcrlapplnt: B*. and B* over- 
lapplnc B**. Alao note that B* Ilea on both altlea of tho I'Uhnonarj- llpninenC B'n tj’plcnlly ex¬ 
tending n* far na tho lateral third of the anterior aurfaco; BT> rcnchlnp well down on the 
paravertebral eurfacc (J). 




FJc. 3.—Direction of embalmod rlcht lower lobe a* wjon from anterior surface. 

dissection of bronchi. This specimen Is typical In resnoct to tho level of 
seffmentaJ bronchi B*. arlslnfr from the common stem of B\ B*, and but be- 

dlrected medially Instead of 


••atypical In that tho aubsuperlor bronchus (B*) Is .. .. 

not k' thJ* reason, presumably, the medial ramus of the ntodlal basal (BT?) doe* 

ramii« fm \ pamvortebml surface as H usunlly doe*. Correspondingly, tho tmtorior 

thlnu .K* •tjppllos the whole of tlio lower nntorlor surfner. Instead of tlio usual two- 
or It Finally, the deep brancli of B^; takes over part of tlic posterior distribution of 


Orifice of basal item Just below lerv'ol of B*. 

(leen view of dissection following rontovnl of the modlal basal bronchus. Noto 

I •J'^ch of the subsuperior (J) that was hidden In A. Note absence of BX* 
Po»terior branch of B** which occurs In 8fi per cent of speclmohs B*. superior 
ia&rsi hn. subsuporior bronchus; B* medial basal; B*, anterior bMnl; 

oaaai; b**, posterior basal segmental bronchus. 
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not mean that B® is typically trifurcate, as implied by Brock (and suggested 
by the specimen drawn in Fig. 2): for the prevailing pattern (86 per cent) 
is a bifurcation, B®c and B®a + b; see Fig. 3 and Plate 2. (See also Table I, 
item 1.) The remaining items in the table demonstrate how rarely this pattern is 
modified. In only a few instances (10 per cent), is the segment supplied by an 
accessory branch of B® (see BX®c, Plate 2, No. 42; Plate 4, No. 39), or by an 
accessory branch of the subsuperior bronchus, or directly by a branch from tbe 
basal stem (see footnotes. Table I). 


Table I. Tue Superiok Segmektal Broncuus (Bg) 


1. Bifurcates 94% 

into: 

1. * BBa + b and B«c (Plate 2, No. 42) 86% 

2. Bizarre types ■ 8% 

(1) B8c2 and [B«a + cl + b] 2% 

(2) B6c 2 and [(Bsa 4 - b) + cl] 2% 

(3) t B6a and Bob 2% 

(4) t Bobl and B6b2 2% 

IT. Trifurcates into Boa, Bob, Bop ___^ 

•In three specimens, part of B*c arose from the basal stem (No, 17) or from B’; see 
No. 42 (Plate 2) and No. 39 (Plate 4). 

tB*c arises as BX^c from the basal stem. 

tB*a arises as BX“a from the subsuperior bronchus (B*). 

B^cl arises as BX'cl from B* ; B''c2 from basal stem. 

The amount of tbe lower lobe tissue that is aerated by B® is of considerable 
importance to the clinician since tliis is frequently involved in lung abscess and 
frequently separated from tbe basal segments. For these reasons it has seemed 
desirable to summarize tbe limits of the superior segments on all three surfaces 
of the lower lobe (Fig. 4). Row 1 shows the extent of this segment on the 
anterior surface, together with the percentages in which it occupies one-third, 
one-half, or two-thirds or more of the surface. Rows 2 and 3 supply similar 
data for the costal and paravertebral surfaces, respectively. However, these 
figures, suggestive as they are, do not in themselves jield the most significant 
information. This has been obtained by ascertaining the extent of this segment 
in each specimen and then finding into what groups these specimens can be 
arranged. 

Two major patterns emerge fi'om this analysis. In two-fifths of the sped 
mens (38 per cent) the superior segment is obliquely fitted to the basal segmen s 
of the lower lobe. In the remainder (62 per cent), it caps tbe basal segmenj 
horizontally, according to conventional concepts. The whole group 
further subdivided according to whether tbe segment occupies the upper 


Table H. Position and Extent of the Superior Segment 


Horizontal group 

S% 

62% 

Upper third 


Upper half 

52% 


Upper two-thirds 

2% 

38% 

Ohligiie gro^ip 

6% 

Upper tliird 


Upper half 

26% 


Upper two-thirds 

6% 
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(78 per cent), tlie u])])er third (14 i)cr cent), or Uvo-tliirds (8 per cent) oC the 
lobe. Dctnila nre piven in Table 11. 

In no insfnneo was (he .superior sepmoni cut olT from tlie basal segments by 
a substantial incisure, ns described by DfvC (1900) in G per cent of ISO infant 
lunp.s—the nearest to this condition Iminp shown in Plate 4 (No. 49)—nor was it 



Anterior Surface 



Costal Surface 



Paravertebral Surface 


\nrjlnB extent oCtho auporlor eocment on anterior, coetal. nnd 
pam\ortebrnl Burfaee*. Pererntage* Indicate frequency of piven dlBtributloM. 
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ever associated wth the 36 per cent of incisures demarcating the medial basal 
segment in our seiies. D 6 ve observed a. coexistence of these incisures in 11 per 
cent of infant lungs. (This figure includes incomplete fissures.) 

The composition of the anterior and costal surfaces of the segment is dis¬ 
played in Figs. 5 and 6 , respectively. In the prevailing pattern (Pig. 5 , 44 per 
cent), the anterior surface is supplied exclusively aiid equally by B®b and B“c. 
On the costal surface (Pig. 6 ), the two most common patterns are those in ivliich 
rami b and c again divide the area (34 per cent), and those in winch rami a, b, 
and c paitieipate equally (30 per cent). On the paravertebral surface, wbkii 
has not been plotted because of its constancy, B®a is present and predominant in 
98 per cent of eases. B®b is the only other ramns whieli invade.? this area even 
to a minor degree and then only in 44 per cent of specimens. 



predominant B^b predominant 

Fig. 5.—Diagrams Ulustrating: varj'lng extent of anterior surface of tlie superior ses^ 

supplied by individual rami of S'. 


Of the three rami just desci'ibed, the medial (B®a) is most \vorth> 0 a 
tion since this is the one which descends fnrtliest. This agrees uith 
observation that the downward direction of this lirancli may he so ineiease 
it runs almost vertically. Thus in 54 per cent of specimens (Pig- 4), it , 
one-half of the paravertebral surface (with or witiiout a small portion 0 
aud in another 30 per cent it covers two-thirds or more of the surface, 
in two instances it almost reaches the diaphragm (see Pig. 9). From i 
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l>oint of rosoolioii of llio seniiioiil, llie iniporliiiico of (liis cnimot ho ovci’cniplm- 
siml. AiioUitr point of intcii'st is tliiit in 38 jior cont it develops n dco)) limneli 
(I'^iR, 2, A) wliicli tnkes ovov n sniisinntiiil povlion of the eostiil suvfneo (see 
Pinto 3, No. -IG), hut it wiis never found to prodoniiimte on tlmt surfiieo. 

Next in interest ls tlic Utleral ivimn* (Ifc). In 84 per cent this Iins n deep 
po.vtcrior hmneli (Pip. 3, A) iind oveivsiminlly (IG per rent) it inny tnke over 
most of the eastnl surface of the setnnent (Plntea 2 and 4, No. 42 and No. 39). 
In one instance, vvlint is presuinaldy to la* interpreted n.s this deep hrnneh arose 
coordinntely witli the common stem of IPa + h (sec orifice t, Plato 1, left side, 
No. 40). Evidence for tliis may la* found in Plate 3 (No. GO) where tlio typically 
placed dcoji hrancli of B'c .suj)]dit*s a vonijiurahle rone. 



B^b and B^c predominant 6*’a,B^b,B^c eijuat predominant 



6^b predominant B^a and B*c predominant BV and B*b predominant 


a—tllnarnniB UIuntmtlnK \’nr>'lnc i-iclenl of coiitnl purfnro of Uic suiwrlor soffnnint 
nuppllod by tndlvldunl rAml of li*. 


The tnipcfior ratiiuf (B“h) is distrihuted to hoth sides of the upper portion 
af tlic lolie. 


Prom the standpoint of resection, the common stem of tlic three rami of B* 
IS long enough to permit ligation in 92 per cent of specimens. Tlie same is true 
af tile common stem of B”a + I) in 88 per cent and of the lateral ramus (B'c) in 
ItX) per cent of apecinicus. 


In concluding discussion of tlio miperior scginont attention is again called to 
the fact that on the right side the upper lolio is usually fused to a greater or 
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lesser degree Avith the anterior surface of the superior segment where that plaae 
curves to join the paravertebral surface. Usually this area is eontiguons to 
B®b. In this region (see Plate 3, No. 46), a branch of B®b was obs^ved to 
supply the parenchjTua of the right upper lobe in five out of eleven consecutive 
specimens examined for this purpose. A similar situation was noted by Bell 
(1941). In a personal communication he stated that this fact was observed in 
a ease of lobar pneumonia in which the eonsoKdation extended from the right 
lower lobe to the adjoining area of the right upper lobe. Post-mortem dissection 
shoAved that the bronchial tAvig from the superior segmental bronchus supplied 
this area. 

BAG 





Anterior (ventral) \/iew R. Lower Lobe bronchus 


Pig. 7.—Sketches showing Uie origin and relations of posterior (dorsal) branches ol 
the right lower lobe bronchus. . 

A, Aeby's diagram Illustrating "monopodlc” branching of a steni bronchus ofther 

of ventral (V*-*) and dorsal di_ 4 ) rami. G, cardiac bronchus, which does not fall into 

of the two series. Term., termination of “'stem bronchus.” _ 

B, Dissection of embalmed specimen (No. 12. S16), for comparison -with Aeby’s 

Oj Same specimen as in B, witli anterior -vrall of bronchial tree ^S/AfmlV^ranil 

flees or dorsal rami. In this particular specimen, five instead of Aeby b ^rtaln 

occurred. (The first dorsal is represented by B^) A sixth Is frequently founu 
otlier specimens at the point indicated by an asterisk, that is on 
3 8 . o + ](j Considering the six In order from above downward. No. 2 ana 3 ™ 

equivalent to Aebps d=. Uofsal bronchi on this part of Uie stem ni"® Aj"^ao“Bnulvalent to 
subsupertor proper (B*), No. 4 and 6 (on the stem of B‘“) arising I" 

Aeby’s da and are here designated as tlie accessory- subsuperlor, BX* " inwer zones, 

positions 2 to 5 usually supply the subsuperior segment, and not successive y 
as might be Inferred from their position on the stem bronchus. 


THE SUBSUPERIOR BRONCHUS (b*) 

Tbe subsuperior bronclius, as indicated by its nante, arises beneath 
superior bronchus (B®) either from tlie posterior portion of the basa 
(B*, Fig. -7, C) or from the upper portion of the posterior basal bronchus ( - 

Fig. 7, G). It is distributed to the middle level of the posterior costa 
of tbe lobe. It may extend onto the paraveidebral or onto the latera 
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aurlacc. TJiis is one of tlio zones n-liieli Iina been considered to bo most \ndneniblo 
to aspirated material (Neil, Oilmour, and (iwynue, 1037).t 

Tiio first to recognize a series of doi'snl or posterior branelies on the stem 
bronelins of man nas the Swi.ss eomiinrntivc anatomist, Aeby (1880). lie 
postulated a mono|)odic bninebinR eonaistliiB of four ventral and four doi-sal 
r-ami. Tn tliLs he rvas Riiided by the prevailing maimnnlian i)attern in which the 
thorax is lonp and narrow ami the heart placed near the middle of the tliorax. 
Siioh a .scheme is .shown at A in Kifi. 7. Kwnrl (1889), however, took exception 
to this nitionalization, stating that iliu- to the different shaiM! of the human 
thorax, which is eompressctl from front to back, with the heart placed inferiorly, 
the bmnehing of the human hronehial tree is of necessity more radial, and more 
dichotomous, than monopodie (sw /I, Fip. 7). h’urthermoi'o it has been our 
experieuee that the four dorsjd branelies postulated by Aeb.v do not occur 
regularly in the right lower lolie hi-oiiehns of man, and that jiotcntiall.v there are 
six sites, as shown at C in i’ig. 7: (1) the site of the Hist dorsal branch of 
Achy (dj), which is the superior .segmenlal bronchus (B"); (2) the dorsal branch 
hebveen B' and B’ (markt'd by an asterisk in C. Fig. 7 ); (3) the dorsal branch 
between B* and B”'(Achy’s d,t; (4) the dorsal branch at the upper end of 
B'”; (C) the doml bnuich at the middle of B’" (Achy's d,); and (G) the dorsal 
branch of B'^b (Aehy's d,). Jfowever, for the sake of simplification, dorsal 
brandies 2 and 3 arc here grouped together and con.sidercd os corresponding to 
Achy’s d,, and dorsal bronches 4 and o as corresponding to Achy’s d,. It is 
thus convenient to refer to the sul)sii)ierior bixineluis as arising cither at level 
d. or level d„ that is, from some portion of the main steiii or from B'”, respec¬ 
tively. The first will he referred to ns the snlixiipfrior proper, with the designa¬ 
tion B* (after Boyden, Ifll.’i) and the .sei-ond ns the itccessorti suh^uperior, with 
the designation BX*. 

In considering that both B® and BX® represent a siibsuiicrior (in which 
view Brock also coneiii's) we have been puidcrl by the fact that in the absence 
of a B* the BX® distrilnitcs to the subsuperior zone rather than to a distinctly 
lower level, a fact which again may be referred to the ladial type of branching 
of the human lung. 

Somewhat similar to Fig. 7, C is a sketeb presentctl by Neil, Gllnioiir, and 
Qwjmnc (1939), showing the opened bronchial tree of a 4-yenr-old child in which 
three subsuperiors are present (their Fig. B). The Hist two cori'cspond to the 
dj level, and the thiixi—if the siieciincii find liiul the usual high bifureation of 
B’*’°—to the dj level, as iKistulatcd in Pig. 7, C. In general, these authors 

tAt anrt unaware of EwarCa cnrllor IJcntmcallon of It (na tlic "loaBCr poaterior horlxon- 
jat ) thep daOiird dlacovory of n now aosmont—nnmlnff It tlio "aubunlcnl"; and. Indeed, It liad 
peon overlooked hr Kmnior and Olnaa (1032). NoU'a ojccollont doacrlptlon of It, with emphoala 
on iij clinical iniportanco Is a« follow's; 

•Tljo posterior region of the lower lobo Is supplied, acoonllng to all pre\’lou8 
publications to which wo haw hnrt access. b>‘ the apical bronchus [B*] In tho upper 
portion and the paravertebral [C*J In tl»o lower. T\’c aro convinced that an Intor- 
Turtllate sonamto segment exists and con bo dcmonatroteiL and that it Is the slto 
of localliod pathological change, as shomi br mdlologj’ and bronchoscopy. It Is an 
sMtomlcnl gap In the distribution Iwtwcen tho nplcnl nnd pamvortobml bronchi In 
sll Ulustmtioru wo Imvo soon. AVo havo found that It la supplied by those subanical 
bronchi [B* and BX*]. This has boon shown by Inflation In specimens and by 
llplodol fillings In patfents." 
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Stated that there are one to three present, and this corresponds to our ohsciYn- 
tions; for inspection of Table III (Item I) ytU show that one or more sub- 
superiors are present in eveiy specimen. In 50 per cent only one occurs (Item 
II ;1) ; in 34 per cent two are present (Item 11:2); in 14 per cent three occur 
(Item II:'3), and in one specimen even four such dorsal rami were noted (Item 
II:4).t 


T.>u3Le III. Subsuperior Broxciii (B* and BX*) 


I. Frequenc}^ of occurrence in .50 spceiniens 

1. Arises exclusively from level d, (as branch of main lower lobe bronchus 

between the superior and the basal segmental bronchi) 14 % 

2. Arises exclu.sivel 3 ' from level d, as an accessorj' subsuperior, BX*(10), i.e., 

one or more from the posterior basal bronchus (Bio) 387c 

3. Arises from both levels in same specimen_ 48% 


II. Detailed analj'sis 

1. Subsuperior represented by single bronclius 

(1) Arising at d, level (as B® proper) 

(a) Prom common stem of B8, o, lo 

(b) Prom common stem of B**. lo 

(2) Arising at d, level, as BX®(10) 

2. Subsuperior represented by two bronchi ' 

(1) One from level d, (B*), and one from 
level d„ ns BX*(10) 

(2) Two from level dj, as BX*(10) 

3. Subsuperior represented by three bronchi 

(1) Two from level d. (B*) and one from 
level dj, as BX*(T0) 

(2) Two from level dj, as BX*(10) and 
one from level d,, ns B* 

4. Subsuperior represented by four bronchi 

(Two from each level) 


C% 

8 % 


ino% 

50% 


14% 


3C% . 

34% 

32% 

2% 

14% 

10% 


4% 

2% 


100 % 


m. Origin of B* (at d, level). (Items 1:1 and 1:3) 


1. Prom basal stem (level of B") 12% 

2. Prom common trunk of Bs, o. lo 22% 

3. Prom common trunk of Bo, ro 14% 

4. Two: one from common trunk of Bs. e. lo 

and one from Bo, lo 6% 

5. Two from common trank of Bo, lo 8% 


At this point one may ask wliy Neil, Gilmour, and GwjTine liatT not been 
followed in giving the sulisuperior the status of a segmental bronchus. The 
ansiver lies in their observations and ours, namely, tliat tlie number and level o 
origin of bronchi supplying tiiis middle posterior zone are variable, hence it is 
less confusing to give it a designation IB*) that is noncommittal as to numeiica 


sequence. , 

Another point made by Neil and his co-workers is that they have observe 
the subsuperior (subapical) “arising from the dorsal, mesial, or lateral 
of the right main bronchus.’’ Similarly, we have found that oecasionaUj 
inclines to the medial or lateral side. In the former position it may gi'T rise 
to the medial ramus of the medial basal bronchus (B'b)t; but in genera 

tit should be pointed out that the precise level of branching- of bron^i can 
mined only by opening the stem bronchus. Tiiat Is, one cannot ^ eT!((.er portion oC 

view whether a dorsal ramus Is originating from the upper part of B ' ATraphy. 

B° * This emphasizes the neoessltj^ of preoperative bronchoscopy or bronc g 
. flu Fig. 3A, B* Is medial and Is taking over part of tlie territory of , 
replaced it. 
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Brock’H dr.suription applius to the ii.svinl nrrnnttemenl, nnnicly timt “typically 
[the saliaiMcal] nvispa fixini the posterior wall of the lower loljc hronchns—ns 
it were, in series with (the apienl hrouehml—. When it does not arise from the 
lower lolm Ht(',ni it may oripinnie rroin the posterior hnsal hroiiehus—still rouplily 
parallel to [the al)ienl hronchns].'’ I'siiip Biwk's definition, however, we have 
found the suKsniierior oecurrinp in 100 per rent of our .smaller scries of dis¬ 
sected specimens, in contrast to the dS per cent incidence in his larpcr .series of 
170 hronehogmms. 

nitherto the sulwuperior has been disens.sed from the standpoint of its 
oripin on the hronehinl free, hhitially important is its distrihittion on the surface. 
Turninp first to the stihsuperior i>roi>er (B*), analysis of tlie fifty injected 
speeimens shows that in all hut one of the thirty-one specimens in which it oc- 
etirs (Tahle IV), it aerates at lea.st the jm.sterior serUor of the ripht lower lolto. 
In 3t) i>er cent it distrilmtes to at least the posterior and the adjacent para- 
\Trtchrnl area, and in 112 per cent it aerates at the least the pastcrior and the 
adjacent posterolateral area. It would .seem, thei-efore. that to l>c a .stihsuperior 
proper this hroiiehus tntist sitpidy at least the jiosterior sector hut that it may 
spread either metlially (B*, Plate 2, No. -IK) or laterally (B*, Plate 1, No. 43) 
or in both directions (B*, Plate 4, No. 49l. 
h’or iiercentnpes of tyiies .sw Table IV. 

T.ini.r IV. Distiuiiltion' or Tin: Srosrrniior. (!!•) 


_ .'iir.r __ rrii rr.sT 

Posterior nnit ndjureia imniverletinil PO 

Posterior nnd ndjneent iiorierolnienil la 

I'oslerior, pnmverteliml, nn.t posieroluteml ta 

Posterior alone .S 

Posterolntemi alone 2 


When the aulisupcrior proiier Is absonl, its rone is usually supplied b.v a 
dorsal ramus arLsinp from the posterior basal bronchus (B’”)—level dj of Achy. 
This Is the ramus we have called the ncees.sory subsuperior, BX* (10). It, too, 
almost alwn.vs supidics at least the posterior sector (Plato 2, No. 42) but may 
spread medially to the paravertebral area (J’lute 3, No. 4C) or latorally to the 
posterolateral zone; or it may be dLsplaced medially or laterally (Plato 1, No. 
40) by one of the deep brunehes of B". Por percentapo of types, see Table V. 


TAm.E V. niRTniBimoN or thf. Ai'er-Msonv SiiBBreKiaoit (HX*) is the Absesce of a 
S mwrrEKiou (11") 


ARKA 

TER CEXT 

Posterior iitono 

28 

Posterior qihI ndjciccnt piirnvortol>ml 

4 

Posterior tijid adjacent iK»torohitoml 

4 

Pof«torolatcml alone 

2 

Totnl 

28 


When both the subsuperior proper and tho accessory subsuporior are 
present (48 \)er cent), tho latter either distributes to the area beneath the former 
(BX*, Pip. 9) Qj. aiiifts medially, or to the lateral side of it (BX*, Plato 2, No. 
48), ortelcaeopca it (Pip;. 8). In only one-sixth of these specimens docs BX*(10) 
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supply SO low a zone as to be eoiLsidered part of the posterior basal rather than 
the subsuperior segment (namely, No. 50, Plate 3).t 

When there are two accessory subsuperiors (8 per cent), one may lie beloiv 
the other, in the postenor sector, or they inay lie side by side (BX*, Plate 2, 
No. 48). If the lower one distributes too inferiorly it may be considered a part 
of the posterior basal segment (namely. No. 39, Plate 4).f 



*16 


*38 


Fier. s. 


Figs. 8 and 9.—The costal sui-face of two injected I” 

tions of the subsuperlor proper (Bp and of me centimeters below 

each specimen B* arises at a level between BJ and and BX sev.ra^ No. 38, « . 

this from B-». but In No. 16, BX* telescopes the zone suPP'‘ei lungs in tvhlch' the sub¬ 
lies Inferior to It. These specimens belong to that per cent ot lu gs 

superior proper and the accessorj- subsuperior are present In the same lo superior 

Specimen No. 38 also illustrates the tnjt that the medial ramus the 

segment may take over almost the whole of the 
superior segment may extend nearly to the diaphragmatic surface. 

Of special interest are the 12 per cent of specimens in which ^ 
superioi’s are present in addition to one, or even two, 

(Table III, Item II:3[1] and 11:4). In the former type one B maj 
above the other but they distribute to zones ljung side by side, as B ^ 

B- (second) in Plate 3, No. 50. Thus, they simulate the zone^pphe J 
.tivo branches of a single subsupenor (B,* a and b, Plate 1, N . , 

Pig. 1,A). 

tin such specimens the bronchi which by *th^se^few specimens one tlws 

^ (-®® Plate 3. No. 50). 
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THE RASAI, RRONCIII (h’'’") 


Tlio bnsnl bronchi nre four in numircr niul nrisc from tlio bnsnl trunk—tbnt 
portion of tlio lower lobo bronchos which is distal to tho mipcrior segmental 
bronchus (B‘). As seen in cross section (Fig. ],B). the major branches of the 
basal stem arc soon to radiate in different directions. The medial hasal (B’), the 
highest brnncli, arises anteriorly (Fig. O,.-!) and is distrilmtcd to tho anterior 
and paravertebral surfaces (Fig. 1). Tho no-Kt branch, the anterior hasal (B’), 
arises antcrolatemlly (Pig. 3,C) and distributes to the anterior surface and 
lateral costal area. Tho no.xt two segmental bronchi arise from a common stem 
which passes downward in a somewhat postoromodinl direction (Pig. 3,C). The 
posterior hasal (B’'') continues tho direction of tlic common stem and distributes 
to tho paravertebral surface and posterior costal surface. Tho lateral hasal (B") 
diverges in a jmstcrolatei'nl direction, supplying the posterolateral sector of tho 
costal surface. For this reason it npiiears to be a lateral branch (V,) of the 
stem bronchus of Aoby (Fig. 7,A). It is useful to think of it this way provided 
one does not accept all the implications of the Achy tbcoiy. 

Another useful concept Is the one advanced by the Russian surgeon 
Ifclnikoff (1922)—namely, that in dissecting the lung the lower lobes seem to 
separate into a series of oblique overlapping layers. We would restrict this to 
the Inst three ba.snl Jioncs (B‘, B", B'") and add tbnt B' is applied at right angles 
to these (Fig, 2,71; comiiarc also with overlapping bronchi in Fig. 7,B), 

1. The Medial Vasal Segmental Vronehns (7?’).—The medial basal segmental 
represents the cardiac or infracardiac bronchus of mammals, which in most 
species occupies tho space l)ctwc<‘n the heart and the diaphragm. Its position 
on the stem is also clmractcriatic, it being the only basal bronchus which con¬ 
stantly arises anteronicdially (see Fig. 7). Because of this position one would 
anticipate that it would distribute to both the anterior aiid tho paravertebral 
surfaces. Such is the ease in 78 per cent of the 50 specimens e.xamined.t 
Typically, it divides into an anterior (B’a) and a mc<lial ramus (B’b), the line 
between the two falling, usually, in the suicns of the inferior vena cava (Plato 
■1, No. 39). 

In 14 j>cr cent, B' was found to be absent us such—that Is, no bronchus 
having tliat origin was distributed to that territorj-. In such specimens the 
anterior and paravertebral components of tho W)ue were acwiterl by two displaced 
bronchi, one being an occcssorj' bmnch of the anterior basal (BX'a from B*b) 
and tho other an accessory branch of tho subsuperior (BX'b from B*). In the 
remabiing specimens (8 per cent), B' supplied only tho anterior surface but 
these wore peculiar in that wliUo B’ arose normally in one specimen (namely, 
Plato 3, No. 4G), both of its rami were distributed to tho anterior surface c.x- 
claaivoly (see also Fig. 3^?!). In the other three, only the anterior ramus arose 
in the usual position, tho medial rninas originnting as an aceessorj- bronchus of 
the sub superior (B*) or of tho posterior bnsnl (B’”).| 


..^7^0*0 ob»er\’aUont aro Uiua In accorJonco wUh tlio recent ftffure* of Luclcn and Beau 
A^iiei, 1946) but at vnrlanco with Jnekron and Huber’s account of the extent of thU *erment 
“wr iiffurca ehow no dlitrlbution of the inodlnl boBoI broncliu* on the paravertebral lurraca 
, Jit U IntereMlnp to note Omt Huntington (1920) used the cardiac bronchu* of raam- 
n” ojnimple of the method of formation of accowory broncliL He aaJd, ‘'It happen* 
tm^rf 1 Y ^ periphorai lung »«^ent receive* It* bronchial ■upply from two ■ource*. The 
whKk i* of each contributing bronchu* are clo«ed off within tho *egment of the dUtrlct 

Donpisf. and do not communicate with thoM of It* collcacuc. Totr^er the two com- 

make up a topographical pulmonary district ordinarily eor\-o<l by a alnglo bronchu*.** 
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Tltl': JOniJNAti OK TIIOUAOIO HUKOKllY 


'I'Mthr. Vr. Mkdiai, lUdAi, Hicomun’I’A!, niioNJcnruM (1(7) 
i. lO pi'CHciit (III lidlli Hillcii of till' piiliiiDimrv lliptini'iil, . 


I. I)1hI rlhiili'H Id iiidi'd lliiiii diu>-liiiir til' llui 
IdWdi' iiiildvidr Hiirl’iii'i' 

11. DIhI riliiildH Id niid-liiiir tir Iomh llinn dii(>-Ii(iir 

(if llid Idwi'i' iiiilcrldr Hiiiriico l!'l%| 

1 r. 117 wlidlly iiiildridi' 

I. Ildlli niiiii iirdticiil (Nil. 'Ki, I’liil.o It; It) di/^ 

12. 117 pi'i'Hi'iil lull due I'liiiuiK diiijilnct'd (1% 

(I) Mi'diiil l•lllmlH (I1.V71)) ri'diii 11“ 

(■J) Mi'dlid niiiiiiH (lt.\ 71 )) ri'diii Iti" '1% 

nr. 117 iiliMdiil, iiH mil’ll 

II, \'7|t rriiiii ItN 1,1% 

ltX7l, rniiii It* 

ri'diii It III 12% 


till olid iiiiccliiidii (Nd. '|:I. iiliiid 1) 11' (’1)11111111011 diil.v Ilf II iiK'diid I'MiiiiiM (It'll) 
iii'dUd from If 


"m 

n 

M'/r 

Iwa 


Tlic, (’.xlciit (if 1lt(' niilfriop .sin’rnc.i! .sit|)|)li(Ml by iih mtiiiHitrod iilunij: llio 
(|iu|)lii’iij^iiiiili(’ itini’^'iii, in viii’inblp. Accoi’diiip; Id Bniiilt, "il, (tonitnoiily (Hii’.tiiiii'.s 
b’HH Ibiiii n bull' of llu' niilt'i'lDi' nini'fcin,” bill. iin inny lio .scoit in Tiililo VF (lli'iii 
hi) il, (ii’cupii'H more I linn oiK’-biiir of IIri iinldi’ioi’ Hiii’riK’.o in l.wo-lliirdH of Flic 
lyiiii’iil .siiociinciiH. If nil nro iiicludod llinl, Inivo n IF’ of lypinid orif'iii (HI! pof 
(■(Mil), IF’ occiipii’.s Iwo-lliird.s or nioi’o of lln; nnltii'ioi’ Hiirfiico in 50 ptM’ (’(iiii of 
spccinicns, oiic-lntlf in 2H por (‘(Mil, nnd oidy ono-lbird oi' Iohh in H ptM' oiMib 
IIh iniriivoi'lclirtil (’.\I,(MiI, in iiIho vni’iidilc, I'lmuintJ: from tin iii'oii oxcoi’diiiK 
ono-bnif of llio vcriicnl (!,\I(miI, of llnil, Hiiri’jKM* (J’liilo 1, No, *10) lo n Hiiiiill Wiiii! 
nl, llic (’xli’cnm lowin' inid of llio lolm (Pbilo 2, No. ‘IH), Jn only ono iiiHlinicp 
did il invmlo llio (’onliil Hiirfnco (Pliilo 1, No, dIF). Wlimi it fniN lo oconiiy llii’ 
piiniviM’Iclirnl jiron or .supplioH only n mininml porlioii of il, Ibo rriiiiiindiM' of 
ils lorrilory is liiUoii ovor by iidjnoonl, bron(’hi--IF"ii (iNj*. !)), oi; IF^ (I’liilr'A 
No. -IH), 01 ’ (I iiicditil bi'iincb of IF'" (I’liiFo fF, No. 'Hi), or iiny coinbiniilion of llirni'’ 
Of spooinl inliM'osi, nro Ibo ciihom in wbioli IF’ is idi.soiil. (limn 111, Tnlilo Vl)i 
or wbolly niilorior (lioin II), wilb Ibo inodinl rnnnis (IF’b) dovolopiiiK nun' 
nocossory brniioli of Ibo sulwiiiiorior. In siioli inslniioos llio siibstiporior ni'iw'n, 
from n posHn’oinodinl posilion (soo IF^, |('if^. IF, A), nl llio sumo lovol on llio H’Oi' 
ns IF’, III Ibis posilion it could woll bo misinkmi for Ibo Inllcr, and nppiiroiilb 
thill, is Ibo inlorprolnlion piivon by Nelson in Nip;. 2 of bis IDIF’I iiriiolo, lij'" 
lod him 1.0 mijiiinizo tlio imporlniioo of Ibo modiiil bnsiil sopinmit: ‘'<)n I'O 
riglit sido lluM’o is n .sopnrnlo onrdiiio brniicb nrisinp from Ibo modial wall o 
tbo lower lobe bronobtis; it rims downward nnd slipblly inwards mid ha(il(Wiit< 
lo supply u sniall aron just below tbo root of Ibo liinp, On aooonni of ils Hina 
si'AO, tbis bronobuH will not bo oonsiibn’od npain,” 

j.Fi'ivd (IDOO) jiotod an ineisiirn on Ibo diapbrapniniio stirl'aco in 155 pm'cd" 
of .IKO hinps, l''roni ils posilion bo jtidpod Hint Ibis inoisnro domaroab'd a 
(’orros|)ondinp lo Ibo onrdino Jobe of mammals, A similar inoisnro ol vai.t "t 
do))tb was ob.siM'Vod in IFH |km’ omit of Ibo 50 s|)OoimmiM in.joolod in Ibis laboialn','' 
In all but 2 jior (’mil., tbo inoisuro innrkod tbo Inloriil boundary of tbo 
basal Hopmont, Two-lbirds of tboso wore pronoiiiiood and some wmib 
liomi (Imnonstrablo romitpmiolopionlly. All of Ibom would bnvo bomi jmtm "I"” 
surploal ox))lornti()n. 
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In tins connection, n word must ho said about flic rolntinn of tlic indnioimiy 
ligament to the medial biusnl sopnionl. Both Hive’s Fig. 0 and Brock’s Fig. 04 
gortray tlio pulmonary ligHmcnt ns reflected from the lung at the jiosterior 
boundary of B' (sec Fig. 2, 11). In the large majority of siiceimcns, however, 
the pulmonary ligament is reflected from the lung just upon or just posterior 
to what these authors call the “horn-like iirojection of the cardiac segment.’’ 
In other words the right “retro-perienrdinc recess’’ is shallow, necessitating 
severance of the pulmonary ligament in an interlohar approach for resection 
of the medial ha.sal .segment. 

Bccau.sc of the fissures just noted, and the .superficial position of the segment, 
and the aeeessihle (high) origin of the hronchus, it is fell that this zone eonsti- 
tutc.s a .surgical unit which may lie readily rc.sected. Indeed, there is at least 
one published instance (Seanncll) in which this has been succc.ssfully aeeoin- 
plished, for removal of a hronehicctatic scgnicnt. 

2. The Anterior Iln.ial SeffinrtilHl Ilnmchti.i (II'). —The anterior basal seg¬ 
mental bronchus is the second of the hiLsal bronchi and arises a little below B" 
from the anterolateral aspect of the laisnl trunk (Figs. 0, II and 7). It is rciuark- 
ahly constant in its distrihution, dividing into latcnil (B*a) and basal (B’b) 
rarai. 

The former .suiiplies the lower middle-anterior and lateral costal surfaces of 
the lolie (Plato 3, No. 4fi). In only 4 per cent of the fifty specimens could it 
be traced to the diaphragm. The upper limit of its distribution coincides with 
the inlerfis.vtral crest, a more or le.ss inconsiiicuous ridge on the lower lobe mark- 
uig the junction of the upper and middle lolic.s. In 4 per cent of aiieeimens it 
gives off an accc.ssory bi-anch (BX‘c) which extends alKivc the interfi-s-sural crest 
to invade the lerritoiy of the superior segment (Plate 2, No. 42; Plate 4, No. 39). 

The ba.sal ramus (B'b) distributes to the lower anteifor {interlobar) and 
lower lateral costal surfaces of the lobe in addition to the anterolateral diaphrag¬ 
matic surface (Plate 2, No. 48). Its extent on the interlobar .surface is variable. 
Usually, it occuiiics only tlio lateral third (50 per cent of specimens), as 
measured along the inferior margin. In IG per cent it extends medially jnto thg 
sulcus of the inferior vena cava by virtue of an acecssoiy ramus, BN'a (Plate J, 
bio. 43). In one instance B*h was displaced, occurring as an aecessorj- remus 
of B” (Plate 2, No. 42). In still another specimen tho anterior .segment occurred 
M a bifid lobe (Plato 4, No. 40). This was the only example of an incisure 
lietwecn B’ and B®. 

In three of the four specimens in wliieb B' was absent, B'b sjircnds more 
Proteriorly; in the fourth it has an aecessorj' bronchus (BX’b; Plate 1, No. 40). 

In concluding this section, we Ijclievc that the anterior brnsal segment, like 
the medial basal, is readily resectablo; for its bronchus has a high anterior 
®i''gm, its distribution is fairly con.stant, and its medial border is frequently 
marked by an incisure (3G per cent of spccinicns). 

3. The Latcralllnsal Segmental Bronchus {B'). —The Intend bn.sal segmental 
ronchus usually arises from the anterolateral aspect of tho short common stem 
° B» and ■'> (Pig. 7 , U). jn only 10 per cent of specimens was this a long com- 
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mon stem. In another 8 per cent, B® was entirely absent as such. We agree 
with Brock that it is smaller than the anterior basal (B®) and appears much 
more like a secondaiy branch of the posterior basal (B^®) than an important 
independent branch. It is distributed to the posterolateral sector of the basal 
half of the lower lobe (Plate 2, No. 48). 

Almost immediately after its origin the bronchus divides into lateral (B®a) 
and basal (B®b) rami. The lateral branch, when present (86 per cent), is 
quite constant both in origin and in distribution, supplying in 74 per cent of 
specimens the posterolateral area adjacent either to the subsuperior bronchus 
(Plate 4, No. 49) or to the displaced subsuperior bronchus (Plate 3, No. 46). 
In a fifth of this 74 per cent, the lateral ramus even encroaches upon the sub¬ 
superior zone (see Plate 3) and might be considered to contribute to that in¬ 
terpolated segment. An example of its infrequent lower position may be seen 
in Plate 2 (No. 48) and Plate 3 (No. 50). The latter is the only case in which 
it extended to the diaphragm. In the 14 per cent of specimens in which it is 
absent its place is taken by a subsuperior (10 per cent; Plate 1, No. 40) or by 
the lateral ramus (B®a) of the anterior basal (4 per cent). 

The b/isal branch (B®b) supplies the inferior posterolateral costal area and 
the corresponding sector of the diaphragmatic surface (Plate 4, No. 39). In 
the 8 per cent of specimens in which it was absent its place was taken by B®b— 
by spread of that ramus in three instances, and by an accessoiy branch of that 
ramus (BX®b) in one instance (Plate 1, No. 40). 

4. The Postenor Basal Segmental Bronchus iB ‘°).—The posterior basal seg¬ 
mental bronchus appears to be the continuation of the right lower lobe bronchus, 
particularly the branch here designated as B^®b (Figs. 3 and 7) which extends 
to the inferior posteromedial oomer of the lobe. In dissecting specimens it has 
been found most useful to locate tliis ramus first, then the other branches may 
be quickljr identified. 

Typically B^° breaks up into three major branches. The highest (formerly 
numbered B^“a, Boyden 1945) has already been demonstrated to be in reality 
displaced subsuperior, and accordingly’- has been redesignated'BX* (10). It yuU 
be recalled that this is a fairly constant branch occurring in 86 per cent of 
specimens (see Table III). 

Having disposed of this high dorsal branch (from Aeby’s level 3), let ns 
now consider the two major branches of the posterior basal, here-with designate 
the laterobasal (B^°a) and mediobasal ramus (B^®b).t In over one-half the 
specimens (58 per cent), B^°b arises somewhat behind B^^a, but in virtually a 
cases both rami are distributed to both the costal and diaphragmatic surfaces. 
In addition, B^°b is distributed to the paravertebral surface (for example, Plate 
4 , No. 49). Occasionally (10 per cent), a particular paravertebral branch o 
B^° may be noted, but it is not constant enough to merit a name. 


SUMMARY 

The distribution and aiTangement of the segmental bronchi of the right 
lower lobe have been studied in fifty fresh lungs by the following metho ^ 
(1) the successive injection of the principal bronchi by differently co or 

.fThese are the rami formerly designated by Boyden (1945) as B'''b and B^c. 
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golntlu masses; (2) tlio nccurnlo sl:ctcliin;j of each iiijcclcil lobe, to record tlic 
surface distribution of tlio bronelii on interlobar, costal, and diaphragmatic 
surfaces; (3) the dissection of caeli lol)C, to verify the distribution of bronchi, 
and to ascertain tlicir mode of Iimnching. 

Prom these data it has I)ecn possible to establish the prevailing pattern 
empirically, and to analyze the principal variatioiLS in the light of that knowl¬ 
edge. 

As viowerl from the interlobar surface the right lower lolre may be divided 
into superior and basal zones, the line of separation usually falling at the 
interflssural crest. Posteriorly, an interimlalcd, “subsuperior” zone can bo 
demonstrated between .superior and ba.snl segments in 100 per cent of .sjTocimens 
(vide infra). 

The Superior SeipiHul .—Since the sn|H-rior segment is resectable, it is 
important to know its extent. Prevailingly, it “cups” the basal segments hori¬ 
zontally, but in 38 ])er cent of specimens if is obliquely fitted to the basal .seg¬ 
ments. Usuallj- (in 78 imr cent), it occupies the upper half of the lobe, but it 
may occupy two-thirds of the lobe (S iior cent) or only one-third (14 per cent). 
On the paravcrtobml surface it may c.xtend two-thirds (or more) of the way to 
the diaphragm (30 per cent of siiecimcns). 

The superior segmental bronchus (IP) has three eon.stant mini—a medial 
(B'a), a superior (B°b), and a lateral ramus (B"c)—but it raiely trifurcates 
(G percent), the prevailing pattern (8G percent) being a bifuiTation into B'a + b 
and B'e. On the interlobar surface the superior segment is usually fused to a 
RTcater or lessor degree with the right upper lobe; and in five out of eleven 
consecutive s'peeimens examined for this purpose a branch of B'b was observed 
to supply the adjacent portion of the right upper lobe. This may explain bow 
consolidation of the lower lobe, in lobar pneumonia, may extend into the adjoin¬ 
ing area of the upper lobe. 

The suisuperior zone is a constant im.storior zxino interpolated between 
superior and basal segments. In tliis scries of dissections it has boon identified 
m 100 per cent of specimens, as contrasted with Brock’s identification of only 
48 per cent in a series of bronchograms. It is supplied by one or more posterior 
bronchi of inconstant origin. These arise from levels 1.5 to 5 cm. below the 
orifice of the superior bronchus (B*). For tliis reason, tlio bronchi supplying 
this zone have been indicated by the noncommittal designation, “B*” (Boyden, 
1945). 

In general the principal levels of origin correspond to Achy’s dorsal bronchi, 
dj and dj (the first doisal being flic superior bronchus, B“). That posterior 
bronchus which aif^ from Level 2 (that is, from the common stem of B*- '• 
or jg designated the “subsuperior proper,” B*. That imstorior bronchus 

which arises from Level 3 (that is, from the trunk of B'“) fs designated the 
‘accessory subsuperior,” BX*(10). 

In about one-half the specimens (48 per cent), the subsuperior bronelii 
‘®se from both levels, and range hi number from two to four. In the remaining 



214 


THE JOURNAL OF THORACIC SURGERY 


one-]ialf (52 per cent), there is only one subsuperior bronclins—more commonly 
BX* (38 per cent), as against 14 per cent with a subsuperior pi’oper. 

Primarily the subsuperior zone lies in tlie posterior sector of the lobe, but 
it may spread laterally or medially. It is a common site of lung abscess. 

The basal bronchi are four in number and tend to radiate from above domi- 
ward into the anteromedial, anterolateral, posterolateral, and posteromedinl 
sector's of the lobe, respectively. 

The medial-basal segmental bronchus (B^) is the highest in origin. It 
distributes to the zone that lies on either side of the pulmonary ligament (78 
per cent of specimens), and is placed athwart the other basal zones—that is, it 
occupies a plane virtually at right angles to the others. This segment con'esponcls 
to the cardiac lobe of mammals. Therefore, it is not surprising to find an 
incisure of varying depth separating it from the anterior-basal segment in 36 
per cent of specimens. In two-thirds of this number the incisure is possibly 
deep enough to have been visible in a roentgenogram. 

The bronchus to this “cardiac” region commonly divides into an anter'ior 
(B'a) and a medial I'amus (Bdr). The line between the two usually falls in tlie 
sulcus of the inferior vena cava. 

In 14 per cent of specimens the medial basal bronchus is absent as such, 
the zone Ireing supplied by one or tivo aceessoi'y rami from the adjacent bronchi— 
B8, B*, or B^'’. 

Contrary' to Brock, the zone prevailingly' occupies two-thirds or more of the 
anterior margin of the lobe; and contrary' to Jackson and Huber it usually 
extends onto the paravertebral surface. 

Because of the high accessible origin of its bronclms, the frequent presence 
of incisures and the supei'ficial position of this segment, it is deemed suitable 
for resection. 

The anterior basal segmental bronchus (B®) is remarkably constant. 1 
arises from the anterolateral aspect of the basal trunk, a little below B'. It soon 
divides into a lateral (B®a) and a basal ramus (B®b). The former supplies ihc 
area on either side of the interlobar margin below the level of the interfissura 
crest. The latter supplies the lower part of this sector including the correspoiR - 
ing diaphragmatic area. Usually' (50 per cent), B®b occupies only the latera 
one-tliird of the lower interlobar surface as measured along the inferior margin 
of the lobe, but in 16 per cent of specimens it extends as far medially' as t ic 
snlens of the inferior vena cava. In another 8 per cent it takes over the temtory 
of B®h. Occasionally' (4 per cent), the lateral ramus (B®a) invades the superior 
segment. 

Because of the high origin of B®, its fairly constant distribution, and t 'e 
fact that its medial liorder is frequently marked by' an incisure (36 pei cen 
it, too, is deemed suitable for resection. i 

The lateral basal segmental bronchus (B^) arises deep within the lobe an^ 
is not considered to be readily resectable. It is absent in 8 per cent of 
Typically' it divides almost immediately' after its origin into a lateral (B a) a 
a basal bronchus (B®b). The former ramus, when present (86 per cent), su 
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plies the Interior Intenil zoiio adjacent lo the Rul)HHi)orior. ^Vllell absent, its 
territory is mii>idiod by B* or The bnsal riinuis (B®I)) s\ipplics the lower 
posterior Inteml se<*tor and tlie eorifsj>ondinjj dinpbraKnuitie area. AVlicn absent 
(R per eenl), its territory is taken over by n*b. 

TJic j>ostcrior basal scfjmcufal bronchus (IB®) appeal's to lie a continuation 
of tlic lower lolw bronchus—particularly the |•nmu.s B*®b whieli extends into the 
inferior, postcronicilial cornei' of the lobe. Typically, B*" breaks up into three 
ninjor branches. The hiplu^t is that which has been already described a.s the 
accessorj' subsui>erior, BX*{10). It occurs in 8fi ]H‘r cent of siieciinens and is 
reflected upward or backward to .supply the .subsuperior sejrinenl. The two ve- 
Tnniiiiii|T major lirancbe.s (the inediobasid, B’^b, niul tlic lalcrobnsal mmiLs IB®ii) 
pass rcsiieetively lo the paravertebral aiul pi>stcrior surfaces, and to the cor- 
resjK)udiu{; diapliragmatie scetoi's. 

Because of the inaccessibility of its orij»in, this brouehiLs, like B®, is not 
consider'd to he readily reseotnhlo. 
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AN ANALYSIS OF VABIATIONS OF THE SEGMENTAL BEONCHI OF 
THE LEFT LOWER LOBE OP FIFTY DISSECTED, AND 
TEN INJECTED, LUNGS 

Roger M. Berg, B.A,, and Edward A. Boyden, Ph.D., BIinneapolis, Minn,, and 
Franklin R. Smith, M.D., Rochester, Minn * 

tNTRODHCTION 

A SURVEY of the literatui’e of the bronchopulmonaiy segments leaves one 
with the impression that the left lower lobe of the lung is a somewhat con¬ 
densed or even defective version of the riglit lower lobe: that if one understands 
the pattern of the right side it is necessary to remember only one or two modifica¬ 
tions—such as the union of medial and anterior basal bronchi—to comprehend 
the left. 

Such at fii’st was our experience. Soon, however, if began to appear that 
the left lobe, although capable of being compared with the right, is distinctive 
throughout. Thus, for instance, the rami of the left superior segment have a 
different system of branching, the left subsuperior zone is prevailingly postero¬ 
lateral and not posterior, the left anterior basal and not the left medial basal is 
the “defective" bronchus, the lateral braneh of the left lateral basal contributes 
to the subsuperior zone, and the left posterior basal, in a third of the specimens, 
is characterized bj’’ a prominent paravertebral ramus. 

Hitherto, only Brock (1942 to 1944) seems to have made any detailed study 
of the variations of the lower lobe segments and he has largely confined himself 
to describing the varying extent of the segmental bronchi. Our purpose has 
been to establish the prevailing pattern in a large number of specimens and from 
this firm and hitherto unestablished base to analyze the significant and puzzling 
variations which are so fi’cquently encountered. 

In general, the terminology of Jackson and Huber (1943) has been em¬ 
ployed, supplemented by the system of enumeration of bronchi developed by 
Boyden (1945). Also, thi’oughout the article, the segmental pattern of the left 
lower lobe has been compared with that of the right, as recently presented by 
Smith and Boyden (1949). 


MATERIAL AND METHODS 


Tills study^ is based upon two sets of data; (1) a detailed dissection of fifty 
preserved specimens (R.M.B.) and (2) colored gelatin injections of ten fresi 
specimens (F.E.S.). 

In the fii’st group, each lobe was dissected from the anterior surface and theu 
accurately^ drawn. Supplementary sketches recorded the projection of has 
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bronchi on tlio diiiplirnffinntic snrfnoc. the l>roneIioscopic n])poamnco of the 
orinccs (Iicrc inverlwl), and tlic Kcctors supplied by various hronclii—particu¬ 
larly the suhsiipcriors (for example, text Pigs, li and 0). 

In the second group, fresh spcciiueus wero injected with colored gelatins 
(after the method employed in the study of the right lobe, Smith and Boyden, 
1949), and then allowed to haixleu only one dn.v or so before Itcing dissected 
and drawn for publication (1C.A.I!.), for e-xample, lMntc,s 1 to 4. 

By means of these two methods—dissection, and injection followed by dissec¬ 
tion—it has been possible to c.stnblish the prevailing patterns and to display the 
common variations in the hranehing and surface disirihution of the segmental 
bronchi. 


THE oaoss coNTiot.'nATio.v or the i.eit i.owej! lobe 

The left lower lobe has the shniic of a cone, the iip])er part of which has been 
compressed. It is divided for dcscri|)tive |)nrposes into four surfaces—namely, 
anterior, costal, paravertebral, and diaphragmatic. 

The first two ain .separated by the sharp interlobar margin (Pig, 4, B, and 
A', Fig. 3), the second and third by an ill-dellned o))tnso margin—the costopara- 
vortebral—which occupies the interval between the heads and tubercles of the 
ribs (Pig. 4, B and Y, Pig. 3), and the anterior and paravertcbml by the 
pulmonarj- ligament and hilum. 

The anterior surface (middle column of figures, Plate 1) is not a flat plane 
bat cxliibits a shallow S-shaped curve—that i.s, it is molded in sucli a way that 
the upper portion faces somewhat laterally and the lower portion somewhat 
medially. Usuall.v, the lower portion is subdivided into cardiae and interlobar 
areas by the frenum* of the uiiper lobe (.sec IMatc 1, Xo. 52). Usually, ns in 
this plate, the frenum leaves tlio margin of the hilum between the superior and 
inferior ptdmonary veins, Imt it may originate anywhere along the pulmonary 
ligament.j In several of tlio injected specimens it was coextensive with the 
pulmonary ligament, and the upper lobe was fused to the cardiac area of the 
lower lolio. In such cases (Plate 4) this lingular portion of the upper lobe was 
aerated by small branches of the medial Imsal bronchus. 

The costal surface presents a smoothly rounded contour which may bo 
divided arbitrarily—^for the purposes of describing scgmeut.s—into posterior, 
posterolateral, and lateral sectors (Pig. 4, B). 

The paravertebral surface (Fig. 4, B) is molded to the posterior medias¬ 
tinum and is markedly grooved by tho descending aorta. As noted in the 
foregoing, the costoparavortebral margin is obtuse. For the purpose of dcscrib- 
mg segments, its position in the plates is indicated by a solid lino (Plato 1, left 
row of figures). 

In the course of tliis study various degrees of fusion between upper and 
tnver lobes wore observed. In the literature there is fi'equont mention of tliis 
conditi on—for example, Kent and Blades (1942) stated tliat tho interlobar 

tv by Churchill and Beliey (193S). 

the ox^aoa dlimiailon, ace article by Boyden^ E. X .: Cleft Left Upper Lobe* and 

oPilt Anterior Bronchua. SurceiV, 1B40. (In pro**.) 
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EXPL.VNATION OP PLATES 


(STcetoltes rendered for publication by Lawrence B. Benson) 

Ejtch plate contains five drawings oacli, of two injected specimens of tlie left lower lobe. 
The large figures at the left depict tlie costal surface of the lower lobe, the large central onw 
the anterior surface, and the large figures on the right the dissected anterior surface (each 
X Vi)- In addition, there Is a reduced drawing of the diaphragmatic surface (X ’4) and 
a small sketch of the orifice of the basal trunk. 

Yelloto color Indicates distribution of superior segmental bronchus (B*) ; ipTiUe, the sub- 
superior zone (B* and BX*) ; blue (primarily on anterior surface), the distribution of the 
medial basal segmental bronehus (B') ; red, the distribution of the anterior basal segmente! 
bronchus; bhee (primarily on costal surface), the distribution of the lateral basal segmental 
bronchus (B*) ; greeu, the distribution of the posterior basal segmental bronchus (B"). 
Stippled areas Indicate cut surface of left upper lobe where. It is fused with left lower lobe. 


Plate 1.—Specimen 62, This Is characteristically capped by an obliquely placed su¬ 
perior segment (B”). Typical, also. Is the .subsuperior zone (B*), In that It occupies the pos¬ 
terolateral sector of the costal surface. It-s extension into the posterior sector Is not typical 
(see Table It'’). The basal segments demonstrate the prevailing pattern except that the an¬ 
terior basal segmental bronchus (B') falls to reach the diaphragmatic surfaca The two dorsal 
rami of the posterior basal, labeled (BX*?), represent accessory sutasiiperlors which would 
have been branches of the main trunk of B'“ had the latter not bifurcated so high (fee 
BX*[I0) in A'o. 61). 

Specimen Sz, This is atypical In that B“a2.' the deep branch of the medial ramus of 
the superior bronchus, has displaced the subsuperior bronchus (B*) lateral ward, on the cos¬ 
tal surface. Also the stem of B’*" seems to have rotated medially, leaving that portion ol 
the anterior surface which is usually supplied by B‘a to be taken over by accessorj' rami 
(BX“a) of the suhsuperlor (B*) and of the lateral basal (B®). Accordingly. B' (ana, to a 
lesser extent, BO supplies a much smaller than usual area. 


Plato 2-—Specimen S6, This lllu.strates a subsuperior zone which is supplied by acces¬ 
sory subsuperior bronchi BX*(10) and BX*(9), from boUi the posterior and the lateral 
basal bronchi respectively. Since these u.sually arise at the ton of their respective 
the tip of the cannula usually projects beyond their orifices leaving the zone unlnjMtw, as n 
this specimen. This lobe Is of further Interest In tliat the superior segment Is partJallj sepa¬ 
rated from the basal segments by a fissure. ,, 

Specinie?^ SS, This very much resemhlas No. 51 (Plate 1), In that B“a2 has diroiae 
the subsuperior zone laterally. (In (his specimen the zone i.s supplied by an accesson siir 

superior, BX*. from the posterior basal, B>®.) incidentally, there are two accessoo ^ 

superiors from B‘“, the second not quite reaching the subsuperior zone. Fr^uentjj, ns i . 
a BX*(10) may arise conjointly with a paravertebral ramus of B-*. Also the antenor 
basal (B*) encroaches on the medial basal (B"), but in this case B’a Is present. 

Plate 3.— Specimen 66, This has a subsuperior zone 'w’hich is almost ® 
that in No. 53 except that it Is supplied by tw-o accessory sbbsuperiors. from om . 
sources—namely, high branches of both B"> and B’. The anterior basal (B») Is reprM m 
by both of Its rami, but again falls to reach the diaphragmatic Burfaca Her® tne m 
basal is separated from the other basal segment-s by a deep fissure, best shown 

diaphragmatic surface. Such fissures are not uncommon (25 per cent). vr-nr,,-!! fBX'l 

Specimen 53, Here the subsuperior zone is supplied by a high to the 

of B”" which is almost high enough to be a subsuperior proper. Also. R Yinn la Oils 

posterior as well as the posterolateral sector of the zone, since B’a2 is . 5° —I, of 

sceclmen, the basal ramus of the anterior basal (BX*b) arises as an acces^rj 
the lateral basal (B*). Therefore B® appears to be restricted to a small area on 
anterior surface (B"a). 

Plate i. —These specimens exhibit a fusion of the upper lobe ®’L,!?monan' 

area of fusion extending a varying distance laterally from the whole len^ of uie pm 
ligament. In each case the thin portion of the lower lingular segment (B ) was aem 
small accessory branches (BX=) of the medial basal (B’). The basal 

In that the basal ramus of B’ arises as an accessorj- branch (BX‘b) of the meui 

Epeclmeii Sfl, Here the subsuperior zone Is very extensive, being T^ie'^lt^l 

subsuperior proper (B*) and two accessory subsupcrlors BX*(9) and Also the 

of these arises In conjunction with a paravertebral branch of the Pp®t®'‘,''^i„5?^’^Viranches of 
lateral ramus of the superior segment (B'c) has what appears to be ,,, I 

the superior ramus (B»b7). This Is the "cluster tj-pe" of branching 'iVi? one from 

Specimen 6), This Is characterized by three accessor}- .Sfl’aupenors (Ba . (b»). 
the top of the lateral basal (B*), and two from dllTerent levels on dtstrlbute to 

Although one of the last two arises some distance below the other, ' r„ this sped- 

the same level. The zone as a whole Is somewhat depressed b}^ a large p j Byth)- 

men, the medial ramus of the medial basal arises as an accessor}- branch oi iJ v 
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fixture wns incomplete in nbniit 90 per cent of 277 lungs, being cnunlly common 
on each side. 

THE suPEiiioit .sKOMEXTAi. unoxciius (n") 

The s)i))L'rior bronelius arises just Ijelow the npiicr lobe bronchus In such n 
IHwition ns to complicate resection of the lower lobe, tlint is. iis heel lies only 
1 cm. lielow the keel of tlic lower lobe bronchus. It is the highest dorsal branch 
of tlio lower lolic and therefore has been considered l)y Brock to be the principal 
site of lung nlvscc.ss in tins lolte. As on tlic riglit side, it breaks up into three 
constant rami—the medial In-nncb (B^al running mcelinlly and downrward, the 
superior branch (B"!)) running upward, and tlic lateral branch (B"c) coursing 
Intcmlly and somewlmt downwanl. 

In mode of Itinnching tlie pixwailing pattern of B" agrees with that of tlic 
rigid side in being bifurcate, lint differs in the fonnula. On tlic left it usually 
divides into B"a and B"b + c. (49 jier cent of specimens; Fig. 1, No, 37); on the 
right it divides into B”c and B“a + l> (80 per cent).* The percentages indicate 
that the brandling on tlic left side is moi-e variaiile than on tlio right, while 
the lower and indopendont origin of B"!! suggests tiiat tlic iianivcrtobral extent 
of the lironclius will lie much greater on the left side (vide infra). 

Tlic freiinciiey of the various types of Inunehing is indicated in Table I. 
The tj-pc recorded in Item I; 2 (see Fig. 1, No. 4) is the one considered most 
“iiormaF’ by Brock (1943). That in Item 1; 3 (.see Fig. 1, No. 48) is the one 
deserilicd for the left side by Kwarf (1889). This is the prevailing pattern on 
the rigid side. No one .seems to have olescn'is] what is tormei] the “cluster 
type’’ (Item I; 4, sec Plate 4, No. GO). Here, B'b is represented by more than 
one main branch. 

Trifurcation of B" is rclativci.v uncomiiion (15 per cent; Fig. 1, No. 55), 
kut not so rare as on the right side (0 per cent). 

TaiiloI. Tun Sltekior srJiHESTAi. UnoKCiiuH (B") 

1. Bifumitea Into: ~ 


1. B«a and Bob + c 

(Fig. 1, IVo. 37) 


2. Bob and Boa. + c 

(Fig. 1, No. 4) 

37% 

3. BOfi and B«n + b 

(Fig. 1, No. 48) 

iO'^ 

4. Clmrtcr type 

6% 


(1) + b and B*b 4- t 

(2) Boa and D®b + (B®b + c) (Plato 4, No. 00) 

(3) Bob and (B«b + c) + Boa 

- 41. Trifurmtoff Into B on, Bob, B*k; (Fig, 1 and Plato 3, No. 55) _ 15% 

The distriindion of the superior bronchus is much like that on the right 
side but differs in at least two particulars. First, in the majority of loft lower 
Jobes the superior segment cn])s the basal segments very oblicpiely, thus iircscnt- 
'dg an anatomic hazard to the j-esectiou of this segment. (On the right the 
Segment is horizontally jilaccd in G2 jicr cent.) This is due to the fact tlmt the 
yddinl ramus (B’a) extends domiwnrd along the pamvertobml surface to 

for the rlffht ilde whlcli will bo roforrod to frequently are thoae nub. 
■ W Smith and Boyden (1949). * 
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within a short distance of the diaphragmatic surface—specifically, it reaches the 
lower tliird or less of the paravertebral sui-face in 57 per cent of specimens (for 
example, Plate 3, No. 53).* 

Second, in 45 per cent of left lower lobes, there is a large posterior branch 
(B®a2) which takes over the posterior sector of the subsuperior zone. It is 
represented occasionally on the right side by a deep branch of B% hut on the. 



left it is so striking as to merit a special designation (B®a2, Fig. 1, No- 
Plate 4). In certain specimens in which B‘’a2 is absent, its territory is 
over by a large, postei’ior descending branch of B®c as in Pig. 1, N®- 
discussion of subsuperior zone.) 

•This flndlncr Is, therefore, at variance wltli the statement of Huizineft Uchr ( 
that "the lower limit of this dorsal segment Is always horizontal. 







nraio ra ai,. : sr.niiEKTAi. niioxcni of i.f.it i.owfji lAini: 
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B°n is of furtlioi- iiitei'csl in llmt in 13 ])ci' cent of specimens, ))nrt of its 
pnrnverlclmnl territory is token over Iiy iin nceessory krnneh of the superior 
rnnuis (for exnmple. BX'n, Fijr. 11, No. 23;‘Plntp I, \o. r)2); in nnotlior 2 per 
cent llio lower two-tliirds of tlie piirovertehml siirfnco Is token over by n liigli 
nccessoiy broiicli of B'”. Tlie (listribnlion of tlK>se neee.ssory l)mnebe.s is indiented 
in llic footnote to Tnlile 11. 

TAOr.E II. lAiwcsT Extent nr llniui. dlnii) on toe I’Ar.AVEr,TEur,.»L Sueface 


Two-lhlrrlji or more of (llfltunvo to dinpliniKin (Plato ,1, No. SH) 57%' 

HnJfway to dlnphmfjni (Plato •!, No. tW) 37%- 

()no-lli5M of dlutaon* (o illnphmtjio 3% 

Pnily to roacli pnmvortolimi ^urfnro nnd !»: roplnooil liy ft linmcli of Hol> 


•In 8 rcr rrnl ttie upper portion of immwrtobml nurfnce b* n'plaecil by nn ncccMor>‘ 
bmneh of JT^h, sinco (lilii ocnirs nlUiRetlier In only ij per cent of ^itecimcna It would ^eeni 
Uiftt xvlien tlvc nn^llal miiiuji dr^orntlK the lowrxt tluTu Is n tenilrnry for Its upper territory" 
to be taken over by in). 


Discussion of tliis segniout skould not 1 h' eoneludcd xvitliout mentioning tlic 
occurrence of n notch on tlie Internl .side of tlie intcrlolmr margin of the lobe 
which marks the separation of the superior fisim the basal segments in 6 per 
cent of speeimen.s (Fig. G, Xo. 8; Plate 2. Xo. ."iC) and of nn extensive fissure 
teeoutly observed in nn autopsy s|)oeinien. This is a mneb lower frequency than 
was reported by Dove in Ins study of 180 infants (H per cent on the left, 30 
per cent on the right, 12 per cent bilntornl). Pierref, Coulouma, Breton, and 
Devos (1938) did not give separate figui'es for the two sides but reported the 
occurrence of the fis,sure in 20 jicr cent of siusumcns, Xelsou (1934) considered 
tliat this inconstant fissure provided su|)porting evidence for bis classification 
of the suiicrior segment as a seimmte lobe, but it would seem tlint the fissure is 
no longer nccessnrj- to tlie argument. 


THE stmsuPEmon nnoxciiu.s (n*) 


On the right side the subsuperior bronchus has been identified ns the second 
dorsal ramus of Acby, timt one xvliicli arises from tlio stem bronchus between 
die first dorsal or superior liroiichus (B") and tlio origin of B” (B*, Fig. 2, A). 
On that side, it usually supplies the region wliicb occupies tlio interval between 
the superior and tlio posterior bn-sal segments in the posterior sector of the 
costal surface. On tlio left side, we xvill .show timt it arises from the same por- 
hon of the stem lutmclius (D*, Fig. 2, B), Ls distributed to the same horisontnl 
level, but that it supplies the jiostoi'olutoi'nl sector. 

Noil, Qilmour and GwjTine (1937) were tlio firat modem investigators to 
^ attention to this “site of localized patliological cliaugo—an anatomical gap 
■n the distribution between the apical [B*] and pamvcidcbral [B’°] bronclii.” 
Wlien this bronchus was absent tliey noted that tlio "snbapical segment” was 
supplied by a branch of the posterior basal (B'°). Smith and Boyden (1949) 
Confirmed these observations and named tlio two types of bronchi that supply 
Ikis intermodiate zone the sutsuperior proper, B*, and the accessory subsuperior, 
ll'^*(1 0).t. Because of tho prevailingly dual and variable bronchial supply, 


of tho letter '‘X" Indicates that the bronchus jupj^yinc a erlven *ono 
thSSL another portion of tho bronchial tree than Is customary. The figure In naren- 
*1^® of origin. Tliut "BX^dO)" indicates that tho subsuperlor rone Is 
broncl^”^ ft bUfh branch of B** Instona of by tho second dorsal brunch of the stem 
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chus In ^ ortgin of dorpal branches of the stem bron- 

ol rlEht side (specimen No. 60). A, dram nff 

Bite of a^nosstwa^a^i,^*^ and Boyden (1949). The specimen In A has five dorsal ram ; the 
coiresoondinl Vi. '® asterisk. These have been grouped Into four leveH 

Is the^sRe of . dorsal bron<Jil postulated by Aeby, In 1880. The first level (di) 

superior •’ second (d»), the site of the wb- 

of TOr?LnJS?hL'the site of the accessory subsuperior (EX'). The orifices 
tw^n thS the left side are shown In B. The principal difference be- 

in tlie suLm^Prti'^r.^on the left the dorsolateral branch of B” (BX»[9]) also participates 
in uie suDsuperior zone (see discussion in text). 


Right 
inf lobe 


Left 
inf lobe 


Middle C 

lobe A 



BX 0°) 


&X*(9) 




Sup lobe-A 


R pulm V. 


.atrium. 


Ant surface 


L pulm V. 


-Sup. Lobe 


3.—Transverse section of Uie lower lobes of an Intact thorax to Illustrate the diff¬ 
ering direction of the subsuperior bronchi on the two sides. On the right, the subsuperior 
proper (B*) distributes primarily to the posterior sector of the costal surface; on the 
It may distribute to the posterior sector (see BX* from B’"). but prevailingly It has a 
terolateral distribution (see BX* from B»). BX*(10) and BX*(9) are left accessory shw 

superiors, arising Just beneath the left subsuperior proper (B*), a'hich does not appear 
thfs figure. X, interlobar margin of lo'vver lobe; y, costoparavertebral margin; hilum i 
lower doT;\’n. tlie pulmonar>' ligament). 
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they dill not follow Xcil in giviiip: this zone the stnlus of n segment, or number¬ 
ing it—heneo tlic noneonimiltnl ilesignntion H*. 

On tlio left side, this inlermodinte zone is eqiinlly conspicuous nnd clinically 
significant, but the bronchi supplying it are more nunierouR. Tn n Inter article 
(1939) Neil nnd his co-workcra stated that the subnpicnl hTOuchus [B*] "may 
be nliscnt on the loft side, in wliieh ease we have found a branch going to its 
customary distribution arising from the axillary Imsiil [B®] or from the ])ostcrior 
basal "With tliis conclusion we wouhl also agree, hut it would seem that 

tlic evidence supporting it lias yet to l>e prescntetl. 

In the first place, analysis of the GO specimens indicates that on the left 
side, ns contrasted with the riglH. the snl»siipcrior projior (!)•) always dls- 
triluites to at least the ]iostcrolnt«‘nil sector and most commonly to lioth the 
posterolnteml and Intend sectors of this intennodinte zone (see Table IV, Item 
IV), wJicrcas on the rigid side it is disirihiifeil j>i)n)ari)y to the posterior sector 
(B*, Fig. 3). Furllicnnore, the angle it makes witli the anterior surface is 
prevailingly 40 to 4fi degrees (23 per cent; see Talile IV. Item III; 1). 

For tills reason, holli tla* uppcrnifwl doi's^i) hranclies of B® and that 
enter into the composition of the sulisuperior wgment must be considered ncccs* 


Tahle nr. OcenutE.Ncr OF Mrnsfrnaoi; niiosTUi (0* and OX*) 


1. Fwjucnrj' of Occurrence in an U*fl Lower 


3. Origin cxcIupIvpIj- from level 4, (n« Gmneli 
o£ nmlu lower loW lironcliuft Uawei'n tlie 
pnporlnr nn4 Imwil lironclil) 

2. Origin exclusively from level <1, (ns nn ne- 
roff«/ry fftilMruper/or, JLK*(10) or iL\*(a; 

3. Origin from both lovcb in ^unie m»eelnu*n 


rr. Detailed Analypin 

1. Snhfluporior roprc5cnt(Hl by Kingle brunclmc 

(1) Arising at d, level (us B*) 

(2) Arising nt d, level (as BX*) 

(n) From top of Tito 

^ (b) From top of B” 

flubauperior reprewntod bv two bronchi 

(1) One from level nnd 

one from level (l 3 (BX*) 

(a) B* nnd nx*( 10 ) 

(b) B* and nx*(0) 

(2) Two from level d, (BX*) 

(a) BX*(0) nnd nX*(10) 

(b) Tivo BX*(iO) 

0 . nuiwuporior rcprcjtonttsl by three bronchi 

(1) Two from level <l,(n*) nnd one 

from level d*. BX*(10) 

(2) One from level il,(B*) nnd two 

from level d„ BX*(10) nnd BX*(0) 

(3) Three from level d. 

Two BX*(10) nnd otie BX*(0) 

L oulwuiH5Tior repreneutcjd by four broncdil 
^ _ _ (two from ouch level) 


S'/r 

7% 


2% 

■13% 

6 % 


ttVreentupe* In round numbers. 

UMIa from Smith and Boyden (1940). 


In SO 
rt. tower 
toVest 



7% 

1-1% 


71% 

MW, 

4fi% 


100% 

100% 

7% 

]S% 

22% 

50% 

(14%) 

(34%) 


01%, 

34% 



(32%) 

48% 


(2%) 


17% 

14% 

2% 



7% 

n% 

100% 

2% 

200% 
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havo defined as tlic d. level. In 5 per cent it originates from tlie highest position 
indicated in Fig. 2, B, that is, above the origin of B’ in the remaining 

24 per cent it arises from tlio common stem of B“ * ”, 

Its position on the circumference of the basal stem is varied. In 12 per 
cent its orifice is posterior (or slightly posterolateral); in another 12 per cent 
it is posterolateral; and in 5 per cent it is lateral (or slightly posterolateral). 
(Sec Table IV, Item II.) Neil and co-workers (1930) “found it situated dorsally, 
medially, laterally and twice ventrally.” Neil’s medial subsuperior is presum¬ 
ably one of tlie high accessory subsuimriors, BX*(10), which occasionally arises 
medially in conjunction with a high paravertebral branch of B'° (Fig. G, E 
and Plato 4, No. GO). Neil's ventral sub.suporior could Imvo been a high B'a 
with posterolateral branches. 



A Right lower Lobe B Left Lower lobe 

*, —Dlapramfl UlustrrtlnE tj-plcol arroDKcrocnt of ba»nl vcEmonta in n croaa *oc- 

F® iower lobe* made Juet above tlie dlaphrauni. and viowml from below. A, right 
Smith and Borden). Note that tho medial boJol segment (B^) U placed 
V'?. other eoonents and that tho lattor ovorlap each other a« poetulated by ilelnl- 
■"» lower Jobe, Ulustratlng shift In position of B’: on this stdo It lie* wholly lateral 
^“f^iuinonapy ligament falling to reach the pamvortobml iurface. That alto Is now 
riSf posterior basal segment (B**) ; novertheless, Is os extensive as on tho 

Note that tho basal ramus of tho antorobasal segment (B*b) supolle* the lateral 
of the costal aurfaco; tJiat the lateral basal segment (B*) supplies the posteroloteml 
J^or; and that the posterior basal (D**) supplies the posterior sector and the paraverto- 
wrmi surface. 


This brings out tlie point tbnt it is often bard to distinguiali between a 


laterally originating B* (for e.\amplc. Pig. 7, No. 4) and the lateral ramus of 
die anterior basal bronchus, B*n (for example, Pig. 7, No. 41). In tho former 
®®a0) a lateral B* distributes primarily to tho posterolateral sector of the sub- 
roperior louo but it has branches tliat take over tho upper anterolateral zone 
i , *®). Superficially tho two specimens look somewhat alike, but when the 
orifice of B* is noted (Pig. 7, D), tlie bronchus is seen to arise more postoro- 
laterally, behind B°. 

In Pig. 5^ 

specimen No. 39 is somewiiat similar, but hero (Pig. 5, II) tlie 
of the subsuperior bronchus Is posterior, that is, behind all basal bronchi. 
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It is a siiI)SU))('rioi' both Wniisc of its oriiiiii and hccnusc of its distribution ; yet, 
again th'oro is a secondary distribution to the B"ii zone. 

In si)ccimen No. 15 (b’ig. 5) the sitimtioii is reversed. Hero the corresimnd- 
ing liroueiius has a biteml origin in eonnnon witli R'b and tbercfoi'c its main 
stem mast bo designated R’a. Tlie deeper iiortion of it, wbicb distributes to 
tlio subsuperior zone, may l>e ealled a disjdaecrl subsuperior, BX*(8). In 
specimen No. 37, B'a nmkc.s a le.sser eontribulion to the subsuperior zone (sec 
Fig. 5, C) and tlierefore is merely de.signatcd B'a. 



* 6-—DrnwlnKB of two prcscn'oil »poclrnen« (X %) lllu^lmtlnp the prevailing (bl- 

OJHI atiTifcal (trifurcnle) mode of division of tho ba^ril trunk. A, U, 0, nro an- 
^nor dissection, orlllco of banal trunk, and crona nrctlon, rvBpectlvcly. of npeclmen No. S. 
in? bifurcate# Into nn anterior and a po#trrlor division D, E, are 

dl»»«‘tlon and orltlciN roapectlvcly. of *iH?cIiuen No, 23, showing a trifurcation Into 
rl'?®. ■^enis, B*-**, n», and bK Jnchlentally, these figures show how a high division of B* 
convert a subsurK-rloi proper (U*. 2'^, of No. 8) Into nn ncoossorj- subsuperior 
IUX*[lti], of No. 21). 

Brock also realized Ibe difflcnlty of describing these traimitional forms. 
His solution for handling a latei-nlly originating B* like that in Pig. 7 (No. 4), 
>s to call it a “supernumorniy n.xillaiy niilcrior ba-sic l)roucbas,” as if it were 
•be axillarj- (lateral) ramas of B* wbicli bad arisen higher than usnal—that is, 
Horn the main stem. In liis o\™ words he preferred "to restrict the name 
®"bapichl [sulwupcrior] to tlic one ineon.stant but commonest, jiosterior bronchus 
“id to name and describe any otlicrs separately (see axillarv’ branches, p. G3).” 
However, bo apparcntl.v did not realize that the one inconstant subsuperior 
’Wiiclias arising from tlio lower lobe stem on the left side distributes to the 
bosterolnteral sector. Thas, if bis ])rcfercuco were followed, most left snb- 
'oipcnors would have to Iw called sui>emumerary axillarj’ middle basals, which 
"■fluid destroy the useful concept of an intermediate zone interpolated betAveen 
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the superior and Ijasal segments. Furthermore, Brock’s use of the term axillary 
to cover bronclii distributing to lateral, posterolateral, and posterior sectors of 
the lower lobe, while having perhaps a certain clinical value, is not precise 
enough to be of use in analyzing pattems. 

2. The Accessory Suhsuperior, BX^(IO ).—^An accessory subsuperior arises 
as a single branch of the posterior segmental bronchus (B^®) in 71 per cent of 
specimens and as two separate rami in 13 per cent. When single its keel lies 
typically -within a distance of 12 mm. below the keel separating B® and B’®. 
When two are present they originate at the levels shown in Fig. 2, B, but may 
distribute to the same surface level (Plate 4, No. 54). In view of the marked 



lateral shift of B* on the left side, it is interesting to note that BX®(10) 
distributes to a posterolateral sector in one-half of the specimens in whic i 
occurs (Fig. 5, G, No. 37). This is in marked contrast to its behavior on 
right side, where it invades the posterolateral sector in only about one-six ^ 
the cases in which it is the only subsuperior present. Tlie percentages oi 
left side are given in Table V. 

3. The Accessory Siibsuperior BX^{9 ).—^An accessory subsuperioi 
in 67 per cent of specimens from near the top of the lateral basal 
bronchus (B®). Like BX®(10) its keel lies typicaUy within 12 mm ot tn ^ 
tance below the keel of B® and B"®. Prevailingly it distnbutes to the p 
lateral sector (see Table VI) and, as would be expected, makes an angle oi. 
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Taiile V. Pisn;mi*TJOx ok nX'(lO) 


1. Bwtor 

1, \Miolly I'wlcrior (Pluto 4, Ko. (iO) 41<>f’ 

Posterior nnd po5torolutonil (Plnle 3, Xo. o3) 2^% 

n. Poptorolntoml only IG^f- 

4. Pofltorolntcnil ninl Intoml (T'lnlo 2, No. 5S) 1% 

ir. Anplo \Vitli Anterior f^urfneo of lA>tK* 

L jfi-ino depr<H‘?< (Pinto 2, Xo. oS) 

2. 4r>*.^0 (leprt'os (Fip. T. Jl) 


45 (legix*cs M’itli the niitorior surface in flu- majority of specimens (see Pifj. 3). 
However, it lins n slroiiir teiuloney to sliift latenilly. In this respect it rcsomhlcs 
tlio siihsiiperior proper (see Tnl)lc IV). It is homolngons with B’n oC the right 
lohc, hut on tiio riglit .side H°a doe.s not nsuiilly pnrtieipnte in tlie subsuperior 
zone, since tlie sulwuperior zone of the right lung i.s primarily restricted to the 
IKWtcrior sector. 


T.xai.r. t’t. I tiKTniiirrirt.s or IiX*(0) 


1. Hector 


1. r<H(orolnternl onlv fPliUe 4. Xo. 34) 

40% 

2, I’ostcrolntcml nnd Inteml (I'lato 3. Xo. 33) 

14% 

3. Foatcrior, pfrtlerolnteral. nnd Intenil 

ri% 

4. Poalcrior nnd po^terolftterol 

s% 

II. Anelo With Anterior HurfiuT of !x)In' 


1. 40-00 d(‘gTc*OK (IMntc 2. Xo. •’iO) 

45% 

2. 20-35 doijnvfl 

12% 

S. 70-00 deproe-^ (PInte 3. Xo. .53) 



To summarize this sector, it lias licon pointcil out tliat the criterion for 
defining the sultsuporior zone has hcon the prevailing dislrihulion of the sub- 
superior hroueltus proper (B*). On the right side, it is prcvailingl.v posterior, 
and on the loft, prevailingly posterolateral. jVn.v additional bronchi that regu¬ 
larly distribute to this zone have thcroforc been called acccssoiy subsuperiors, 
notably BX*(10) on both sides and BX*(9) on the left. Certain other ex¬ 
traneous branches that sometimes invade the posterior or lateral sector of this 
^ue—sueli as the more posterior rami of B*n, B“c, and B'a—might pcrliaps be 
mcluded. Indeed, Bwnrt describes “a centra! lozonge-slinircd bronchial inter¬ 
space” in the left lower lobe formed by “the lcs.>icr posterior horizontal 
[BX*(10)] , . . together with the external mnmmnry [B'a] and the midaxillni’y 
hronchus [BX*(9)].” Ilowevor, it seems sufficient to point out that sncIi 
extraneous lirnnchcs may invade this zone and to note the criteria by wliieli 
Bley may bo distinguisliod from the true sulrsupcrior and tlie more frequently 
ecearring accessory snbsuporioi's. 

TiiE BASiVi- naoNcni 

'^^0 sulxlirision of the basal trunk below tlio level of tlio superior bronchus 
( *) is somewhat different on tlio left side from that on tlie riglit. On the left 
le medial basal segmental bronchus (B’) arises more antcrolatoi'nlly and 
usually iji eouiunction with tlio anterior basal (B"), instead of being the highest 
u most medial basal bronchus. For this I'easou various I'ceeiit authors have 
^usidercd B’ and B* collectively ns a single segmental bitnichus. Ilore, for 
purposes of description, at least, they will he treated sepoi'ately. 
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Table VII. Mode op BKANcniNo of Basal Tbonk* 


L Basal Trunk Bifurcates 

1. Into Bt + 8 and B 0 + lo (Pig. 6 , No. 8 ) 

2. Into bizarre patterns 

(1) Br and Bs + (B9 + lo) t(Fig. 5, No. 37) 

(2) Bio and Bs 4 - (Bi + o) (Pig. 7, No. 4) 

(3) B7 and (B 8 ^ 0 ) + Bio rpig. 5, No. 39) 
B8 and (Bo + 7 ) + Bio (Fig. 5 ^ No. 15) 
B7 + BO and Bsb + 10 (Bo absent) 

H. Basal Trunk Trifurcates! 

Into B 7 * 8 ^ Bo, and Bio (Pig. 6 , No. 23) 


S% 

7% 

5% 


67% 

20 % 


87% 


13% 


•The subsuperiors are Ignored In this classiflcfttlon, together with such minor branches 
as high paravertebral branches of B“. 

tKesembles tjTJlcal pattern of right basal trank. 

tCounted as a trifurcation when keels were not more tlian 4 mm. apart In another 7 
per cent the keels were a few millimeters further apart 

Below the point of origin of B’’ ®, the basal trunk conthiues as the common 
stein of the lateral and posterior segmental bronchi (B® and B^°, respectively). 
In other words the prevailing pattern, contraiy to what has hitherto been sup¬ 
posed, is a bifurcation of the basal trunk into B" ® and B® (Pig. 6, No. 8).* 
Trifurcations occur in only 13 per cent (Fig. 6, No. 23). The percentage.s and 
varying combinations are recorded in Table VII. 

THE MEDIAL BASAL SEGMENTAL BRONCHUS (b’) 

The medial basal bronchus arises in common with the anterior basal (B*), 
or one of its two branches, in 87 per cent of specimens (Table VIII). This 
short stem emerges from the anterolateral aspect of the basal trunk. Prevail¬ 
ingly (47 per cent), B'^ lies somewhat anterior to B® (Fig. 6); frequently (35 


Table VIII. The Mepial Basal Bronchus (B7) 


I. Origin 

1 . 


Arises in common with. Bs (or one of its rami)* 

(1) B7 lies in plane anterior to Bs 47% 

(2) B7 and lie in same plane 35% 

(3) B7 lies deep to Bs 5% 

2. Arises separately from Bs on anterior side of main stem 

(Pig. 5, No. 37, No. 39) 

3. Absent as such but occurs as accessory ramus of Bb or as 

rami of Bo and Bio (Pig. 5 , No. 15; Pig. 7, No. 41) 

II. Distribution 

1. Supplies the whole width of the inferior portion of anterior 

surface (Plate 3, No. 53) 

2. Supplies medial % to % of inferior portion of anterior 

surface (Plate 2, No. 58) 

3. Supplies the whole inferior portion of anterior surface and 

also a sector of costal surface 

(1) By spreading of its branches (Plate 3, No. 53) 

(2) By virtue of accessory rami (BXo or iBSsb) 

(Plate 4, No. 60) 

4. Supplies medial % to % of inferior portion of anterior surface 

and also a costal sector (BXo or BXsb) (Pig. _7, No. 4) 

5. B7 absent as such; represented by accessory rami of adjacent 

bronchi (Pig. 7, No. 41)_ 


(Pig. 6)t 
(Plate 1, No. 52) 
(Fig. 7, No. 4) 


10 % 

7 % 


•In 

B'a; the other ramus. 

No. B4). 

fin one specimen B’ and B*a arose together, 


one of 


one specimen B’ was represented in Its usual place hy 

BT) was displaced, arising as an accessory hranen 


Its two 
of 


87% 

) 

10 % 

3% 

55% 
20 % 
17% 

5% 

J% 

rarot 
(plate *’ 


more anteriorly than B’b. 


•Davis (1929) found a trifurcate pattern In 53 per cent of 32 lungs. 
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per cent), it lies in tlie sftnio plnno (Plote 1 ); rnrely (5 per cent) it lies deep 
to B* (Fig. 7, No. 4). 

Of special interest lire tlic 10 i>er cent of specimens in which B' arises 
separately from the hasnl trunk tlicrohy siniuhiling the appearance of its homo- 
logne in the right lung. Two such specimens arc displayed in Fig. C (No. 37 
and No. 39). D 6 vC (19001 was the first to descrihe this patteni and Do Pablo 
(1940), rragena (1943), and Foster-Farter (1946) Iiave reported it more recently. 

In 3 per cent, B' is alisent from its usual iiositiou, arLsing ns an acccssoiy 
ramus of B° or ns rami of B* and B'“ (Fig. 5, No. 16; and Fig. 7, No. 41). 

Since the typical pattern in the left lung is chamctcrizcd hy a common 
origin of B’ and B’, many ditl'crcnt vicw.s have liecn hold with respect to the 
nature of Bh Some authors (Achy, Kramer and Gla.ss, Nelson, Neil, etc.) 
.stated that B" is not reprciscntod in the left lower lobe. Others (Pierce and 
.Stocking. 1939, Fostcr-Cartor, 1942, Adams and Dnrenport, 1942, Jackson and 
Huber, 1943, Brock, 1943, etc.) relegate it to the status of a suhsegmental 
lironclms or less. Only a few investigators, Lneicn and IVcbcr (1936), Do 
Pablo (1940), Appleton (1044), etc., maintain that B* is a distinct segmental 
lironchus. 

On the basis of its distribution in the sixty siiccimens jircsonted in this 
study, wo have rclnelnntl.v come to the conclusion timt it .should be considered 
as a major bronchus. The mere fact that it arises in conjunction wth B“ is 
no more relevant than the fact that the segmental bronchi of the middle lobe 
have a eommon stem. 

Wiien the typical distrihutiou of the left medial basal bronchus is compared 
'vith the right medial (Fig. 4), it will be noted tbat tbc two bronclii aerate an 
equally largo rone. Tlic dilTercnec is that on tbc left B' has shifted laterally. 
Instead of supplying ])nrt of the paravertebral surface and part of the anterior 
surface, it has withdrawn from the paravertebral surface (contrary to Lucicn 
ondWelicr) and c.xtends from tho tmlmoiiary ligament to the interlobar margin. 
Pmally, analysis of the anterior Irasat bronebns (B*) shows that it and not B' 
is the defective bronchus (vide infra). 

Tho details of tho distribution of B' arc recorded in Table VIII. In 65 
per cent of specimens (Item II: 1) it aerates tho whole inferior portion of tho 
anterior surface of tho lolre, ns measured along the inferior margin (Plate 3, No. 
"iil). In a smaller group (20 per cent: Item II: 2) it supplies onl.v tlie medial 
one-half to two-thirds of the lower anterior surface (Plate 2, No. 58). In the 
remaining 22 per cent in which B’ is present (Items II: 3 and 4) it invades the 
r^al surface, either by spreading of its hranebes (Plate 3, No. 56) or by 
'■irtue of accessory rami (Plate 4, No. 60). 

From another standpoint, it also deserves an independent status—namely, 
■ts resectability. Not only is tho bronclius available, being visilile at tho inferior 
®urgin of Dig jijimj, (piofg 3 ^ j,jo_ 55 ) in 25 per cent of speeimens its medial 
Jordor (at tho pulmonary ligament) is marked hy a fissure which extends well 
nto the diaphragmatic surface (Plato 2, No. 56 and Plate 3, No, 65); In ad- 
I'on, there is usually a notch at that point. 
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Finally, mention should again be made of those specimens in which the 
left upper lobe is fused to the cardiac surface of the lower lobe. In some in¬ 
stances, may aerate this adlierent laminar portion of tlie upper lobe (Plate 
4, No. 54 and No. 60); in others, the latter is supplied by a lingular bronchus 
(Plate 2, No. 56). 

THE ANTERIOR BAU-VL SEGJIENTAL BRONCHUS (b®) 

The anterior basal segmental bronchus is the least constant of the basal 
bronchi of the left lowmr lobe and thus presents a marked contrast to its homo- 
logue of the right side; for in 27 per cent of specimens it is defective either in 
origin—that is, one of its two rami arises as an accessory branch of another 
bronchus—or it fails to reach the diaplu-agmatic surface.! 

Typically (in 70 per cent of specimens), the anterior basal arises with 
the medial basal (B^) through the medium of a sliort common tnmk which may 
lie seen at the lower end of the hilum arising high up on the anterolateral aspect 
of the basal trunk (Plate 2, No. 58). In another 13 per cent (Table IX, Item 
I: 2), it arises alone at the site of the common tx'unk (Pig. 7, No. 41). In the 
remaining 17 per cent either its basal ramus (B®b) or its lateral ramus (B®a) 
is absent as such, being represented hy^ an accessory branch of another bronchus 
(Item I: 2, [2] and [3]). In general the aceessoiy lateral rami arise from the 
subsuperiors, BX*(9) or B* (Plate 1, No. 51), and the accessory basal rami 
take origin from either the medial or lateral basal bronchi, B’ and (Plate 4, 
No. 54; Plate 3, No. 53). In addition, rami from adjacent bronchi may spread 
into the territoiy of B®, eroAvding the latter, for example, out of the diaphrag¬ 
matic surface (Plate 1, No. 52). 


Table IX. Tue Akterior Basal Brokchus (Bs) 


I. Origin 

1. Arises from a sliort common trunk witli B' 

2. Atypical origin 

(1) Bs arises alone from Basal trunk 
in its usual placet (Fig. 5) 

(2) Bsa only arises with B" 

BXsb from Basal trunk 

BXsb from Bt> (Plate 3, No. 53) 
BX«b from Br (Plate 4) 

(3) BsB only arises with B^ 

BXsa from BX*(9) 

BXsa from B* (Plate 1, No. 51) 


70% 

30% 


13% 

S.3% 


S.3% 


11. Distribution 

1. Reaches diapliragmatic surface (Plate 2, No. 56) 

2. Fails to reach diaphragmatic surface (Plate 3, No. 55) 



tin one specimen B* arose In conjunction with B”. 

The normal distribution of B® on the anterior surface is best ilhi^rot^ 
by Plate 2, No. 56. The lateral ramus (B®a) supplies the upper half 
third to two-thirds) of that part of the anterior interlobar surface 
below the superior segment, together with the adjacent lateral costa sur 
(Plate 2, No. 58). Since the zone between B® and B®b is at the 
the interpolated subsuperior segment, the sulisuperioi-s (B*, and BX 

tin 17 per cent, It Is def^tlve In number of branches of'the^ 3-* 

17 per cent it falls to roach the base of the lune (Item 11.2). Since se e 

are atypical In both respects, there remains a total of 27 per cent defective segme 
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paraveitebral branch in 30 per cent of specimens. Both B® and B^® originate 
too deeply to be considered readily resectable as individual units. 


6 . 

7. 

8 . 

9. 

10 . 

11 . 

12 . 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20 . 
21 . 
22 . 

23. 

24. 

25. 

26. 

27. 

28. 
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ALVEOIiAR CEElj CAECINOJIA OF THE LUNG (l>UE;^^ONARY 
ADENOIIATOSIS, .lAOZIEKTE?) 

A JIui.TiCKNTnic TriinR ov Eritiiw.im, Orkiix 

Noumax C. Deuviutk, Jl.I).,* axi> Es'Aitrs A. Okaham, JI.l). 

St. Louis, Jfo. 

I T IS customnr>' to think of n earoinomn ns boin;; n local disease, at least of 
having originated in a small area. It is that conception, of 00111x0, which is 
responsible for the prevalence of surgical nllnck on tlio condition. That the con¬ 
ception is correct seems to lie liorne ont by the frequent succe.ss in obtaining 
permanent cures by the surgical removal of the diseased part together with the 
extensions of the growth from its original site. IJognnling primary carcinoma of 
the lung the generally ncccple<l idea, ba.scd on evidence accmmilnted u-ithin 
recent years, is that this condition not only nri.scs in a bronchus, and is thoreforo 
more jiroporly called lironehiogcnie carcinoma, but tlmt also like other cai-cinoinas 
it arises in one simt or area. There can he no doulil tlmt this concept is true for 
the overwhelming majority of ea.ses of primary enreiuomn of the lung. 

Vet a few case reports have appeared de.scribing a tyiio of tumor, resembling 
a carcinoma, which seems to have ari.sen in the cells lining the alveoli rather than 
in a bronchus. Jlorcovor, this peculiar tumor .seems to have a niultieontric origin 
and thus differs from the common and wcll-recognixcd bronehiogcnic enreinomn. 
In this respect it has some resemblance to the primary cancer of the lung in the 
mouse familiar to the geneticists. Also it resembles the interesting and sti))- 
poscdly rirus disease of South African sheep, known ns jngxiokte. 

Several interesting questiotm arise in connection with this condition. If it is 
a tree carcinoma arising in the alveoli, then the controversj- nliout whether or not 
the alveoli arc lined with eiiithclium seems nppnrcntl.v to l>c settled in the nfiirmn- 
tivc. The similarity to jagzicktc raises the question of a po.saible virus infection 
m man similar to that in the sheep. Finally the question of the best surgical 
treatment arises. 

It is because of those vnriotis considerations that the following case is pre¬ 
sented. A special reason for reporting it is that npimrently it has the longest 
follow-up period of any cn.se in which the patient has been subjected to surgical 
treatment. The result seems to indicate that a two-year jieriod of freedom from 
n manifestation of sjmiptoms after a lobectomy gives no n.ssurnnco of complete 
eradication of the disease, ns propo.scd by Ossemian and Nenhof’* from their 
ciporicnce with a somewhat similar case. 

Enc to the differences in opinion ns to its origin, the particular tyqto of lung 
tiiinor characterized by the presence of malignant cells lining the alveoli and 
tamntnining for the most part the general alveolar structure of the pulmonnrj’ 
pnrenchj-ma (in the absence of any demonstrable primary lesion elsewhere in the 
hronchial tree) has been given almost ns many different names ns the number of 
authors who have described the lesion. Despite the number of reports in the 

I>erHirtmont of Sunrerj*, 'WMhIngton UnJvpniltj' School of Uodlclno, and Barnes 
Rt. I,4:)ula, Missouri. 
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merature now there is still no uniformitj^ of opinion in accepting the tumor as 
nginatmg either m epitlielial or mesencliymal elements, or, indeed in fact, in 
agi-eemg that it represents a tumor having a multicentric origin. 

It has seemed to us, however, that the preponderance of evidence available 
at present aUows us to consider this particular malignant pulmonaiy lesion as 
multioentnc in ongm and derived from endodermal elements. Consequently, it 
m permissible to encourage the use of the term -alveolar cell carcinoma,” imply- 
mg as It does the presence of epitheUal cells lining the alveoH, malignant changes 
in which are responsible for the production of the tumor under discussion, and 
we shall attempt to present evidence ofEeiing a basis for this opinion. If a single 
name can thus be utilized in designating this specific lesion, the recognition that 
1 IS a distinct entity will be further encouraged, and clinical, pathologic, and 
^tistieal knowledge of this lung tumor gathered on a more certain footing, 
ture inaccurate tabulation of alveolar cell carcinoma as a form of adeno- 

carcinoma of the lung of broncliiogenic origin can also be prevented by this 
means. 


historical data, incidence, signs and symptorris, and pathology weTe 
u y discussed recently b 3 ^ Hceda*® and it is not proposed to enlarge upon these 
p ases of the subject. In brief, the tumor has been reported to occur in two 
foims, a nodular variety and a diffuse type in which confluence of the tuinoi’ous 
aieas suggests a pneumonic picture in the gross. The lesions may be restricted to 
one lobe of a single lung or involve aU lobes of both lungs simultaneously, and 
they occur within the lung parenchyma or appear on the pleural surface. On 
gross examination the nodules are commonly discrete with good definition from 
the surx'ounding tissue, but they may be irregular in outline or coalesce, this 
coalescence probably representing the basis for the diffuse form of the disease. 
The bronchi are not involved except as a result of direct invasion by one of the 
nodular areas, but metastases do take place to the regional Ijunph nodes, and 
occasionally to distant organs. The presence of the tumor in the vicinity of a 
bronchus may cause atelectatic changes and later inflammatory processes in the 
adjacent and peripherally situated parenchyma. 

klieroscopicallj’’, the tumor is easily recognized by its characteristic mor- 
phologj'', the malignant cells lining the alveoli, and the general structure of the 
parenchyma being maintained in most areas. Tlie individual cells tend to he 
polygonal in shape ivith rather dark-staining, abundant acidophilic cytoplasm 
and may occur in multiple layers or in papillaiy projections within the alveoli, 
which are often completely filled bj’' these formations of malignant cells. Th® 
nuclei are somewhat irregular, often hyperehromatic, and mitoses may he seen in 
keeping with the obvious neoplastic nature of the cells. An outstanding featiu'e 
is the general lack of invasion of the supporting framework of the lungs, although 
occasionally a lymphatic vessel maj’^ be seen filled with malignant cells (as might 
he expected from the occurrence of Ijrniph gland metastases) and in a few of the 
more malignant cases, the cells are found growing wildly in masses and coids 
among a loose fibrous tissue stroma. The fundamental feature in the recogm'tk" 
of .the tumor is, of course, the veiy definite reproduction of alveolar stnictiu'e. 

It is customary to find many franicly malignant areas that are completely sepiJ- 
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rated as far ns gross and liistologic evidence is conccnicd, and oecnsionnlly otlicr 
discrete areas are discovered in n'ldeli single alveoli may show early lij'perplnsia 
of the lining cells of the alveolus, suggesting the l>cginuiug of still another focus 
of the tumor. 

In the discussion to follow, this tumor is considered under two headings in 
accordance with the conflicting views held concerning its origin, (a) the multi- 
cchtric nature of alveolar cell carcinoma of the lung, and (h) the epithelial 
origin of alveolar cell carci?iomn of the lung. 


THE MUI.TICENTniC N.VTflU; OF AI.VICOI.AIl CIXI. CAHCINOMA OK THE EUNO 

llultiplc j)rimnry mnlignaneies arc no longer the rarity that thc.v wci'o once 
considered to he, hut it is still difllcull to accept all the cases reported as aotual 
c.vnmples of this condition for the criteria followed in nsse.s.sing the cases are iiot 
always clear. However, the following studies, listed in Table I, seem well suh- 
stantiated and the figures are included to illustrate the incidence of inultiidc 
primary malignancies gcnendly without apeeifie reference to the lung. 


Taioj; I 


Oiven, ttci 
Orr, 1030 

(1) roreonnl canos 

(2) Colloctotl (lata 
Hanlon, 1031 

''’arren and Oatai, 10:12 
Behminor nnd Wotir, 1031 


NUMUUtor 
ACTOPHir’S IN MAUO- 
NANT IiIKi:,\Ki: 

0A8i:fl OP 

MiLTn'ixnuMAiiy 

>!ALUlNAS*t'V 

PKnCENTAflC 
OF sioi.tipij: 
MAT.IO.VAKOV 

ilToTio 

1-13 

•1.8 


s 

0.77 

{1,107 

70 

0.83 

7J0 

18 

2.C 

1,073 

- 

3.7 


307 

2.7 


The skin and intestinul tract are most comnioidy arfected, with the female 
hrensts and genital organs of both sexes involved with greatest frequency in 
paired structures. The rarity with which the lung is affected is illustrated in a 
recent study by Slaughter” of 1,8GS collected cases of multiple primary' malig¬ 
nancy in which ho found 749 instances (40 jter cent) in the same organs or 
systonm, but not a single case in the lung, nnd 2C9 cases (14.4 per cent) in paired 
organs \rith only 3 reports of lung involvement. lu addition, carcinoma of the 
lung occurred relatively uncommonly also in ns.socintion Math primary’ carcinomas 
affeeting organs of other systems, there being in this scries only 34 roporLs of 
such an association, representing an incidence of only 1.8 per cent as compared to 
T per cent for tlio stomach; G per cent for the prestnto, nnd 4 per cent for the 
lidncy. 


Billroth’s* original i-iew (expressed in 1889) that tlii'co conditions must ho 
satisfied before one can consider sncli lesions ns examples of true multiple 
primary malignancy is now universally considered too exacting. To rule out 
junphogenous mid hematogenous motastnscs, extension by continuity or contact, 
and implantation or transplantation, he suggested that: (a) Bach carcinoma 
fflust have a dilTorent histologic structure, (b) tlio histogenesis of each carcinoma 
rom a dilTorent parent epithelium must bo proved, and (c) each enreinoma must 
urni its own motastases. 

Itowever, in certain types of multiple enreiuomaa, generally accepted ns 
primary in origin, tlicsc conditions are certainly’ not fulfilled ns, for example, 
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in the ease of the oceurrenee in multiple -form of basal cell earehioma of tie 
skin -vYhich rax-ely metastasizes; for this reason Goetze^^ suggested the necessary- 
criteria might be the following; (a) The macroscopic and microscopic appear¬ 
ance of the tumors must be tliat of the usual carcinomas of the organs involved, 
(b) exclusion of metastases must be certain, and (c) diagnosis may be confirmed 
by the character of the metastases in each case. 

If one now accepts on tliis liasis that such lesions as multiple skhi carcinomas 
and multiple malignant poIjTii of the colon are true multiple primary malig¬ 
nancies, it would seem possible to accept multiple areas of malignane.y in the lung 
as representing multicentric neoplasia, pro-vided that it was possible to satisfy, 
by meticulous pathologic examination, conditions such as those to be outlined 
here, which were originally^ described by Cassili and White' in deciding that a 
case wliich they reported was in fact an example of multiple lung tumoi's arising 
independently from the alveolar lining cells. 

1. No primary tumor could be foiuid elsewhere in the body. 

2. No primaiy tumor could be demonstrated in the bronchial tree. In 
this connection Weller®^ has stated that one must always search until 
the primary lesion is actually found, because he feels that all such 
multiple lesions, are the result of Ijmiphatic spread. 

3. The tumor must be multieentrie with areas of uninvolved paren¬ 


chyma separating the malignant nodules. 

4. The neoplastic cellular process must be confined to the alveolar sacs. 

5. The interstitial framework of the lungs, except for the lymphatic 
vessels, must be generaUj’- free of the process. 

6. The anatomy and histology of the nodules must be unlike any other 
primary lung process. 

(The fact that aU lobes of the lungs were affected in their case seems 
of relatively' little impoiiance.) 

Ever since MilUer^^ divided the eases in whicli multiple primary malignancy 
was present into three groups (1) involving the same sy'stem (for example, skm 
and intestinal tract), (2) involving symimetrical paired organs (for examp e, 
breasts, ovaiy, testis, kidney', lung) and (3) involving distant organs of separate 
systems, it has Ireen most difficult to satisfy' tlie necessary criteria in the secont 
group (including as it does the breast and genital organs); and it has also been 
customary' to exclude from consideration (as do Warren and Gates”) cases 
malignancy' which is frequently multieentrie in origin affecting a shigle 
organ, such as carcinoma of the liver, althougli there seems little doubt e 
the separate lesions in this case aifise independently'. As a result of this 
exclusion, similar lesions of the lungs, such as those rmder consideration m 
paper, have also commonly not been included in studies of multiple primary 


malignancy. _ _ 

Altbougb multiple lesions of the sidn and tliose occurring in wde y ^ 
rated colonic polypi are now generally regarded as distinct pi-imaiy changes, i 
more difficult to rule out a metastatic basis in the case of paired organs 
the breast and the ovary', where multiple malignancies are next most 
seen. As mentioned preriously', repoi'ts in the literature venturhig to ca 
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losloits iirimnfy in lypo tivc oflcti opt'ii to cfiticisni. In fuel AVni'fon nnd Gnles’= 
nisn cxoliidc inoRt of tlicso ensos finin their survey. 

It is perlinps nioro diflleiilt still to he eoiliiiii tlint imiltiide Icsioius in u single 
lung cun 1)0 considercsl to hnve nrisen indcpendontl.v ivhcn spread niny have 
occurred along alveolar walls, by the readily available vascular or l.nuphalic 
channels or by the intraluiuinal di.ssemination of cells wilb the air motion of 
ordinary or forced res])imtion. Nonethele.ss. sufllciont reports have now appeared 
in which the histologic features nrc e.ssontially the same regardless of the fact 
that the change mny ai)pcnr in discrete and widely separated areas or show a 
tendency to become continent that it seems unlikely that sjtrcnd by nny of tbese 
means could have l)ecn rcs])onsible, jtnrtienlarly when the conditions outlined ac¬ 
cording to Casilli nnd White' are satisHcil. 

The observation tbat the cxperimenlally pi-odneed lesions of nlvcolnr hji)cr- 
plasin, ndenoinntosLs, and carcinomatosis to be mentioned later are commonly 
multiple in occunencc and that many of these changes appear simultaneously 
lends further erecleuec to the view that similar ehanges occurring spontaneously 
in the human l>cing arc mult icon trie. In n<ldition. Ikcda'^ strc.ssctl the point that 
in one of the cases he reported each of the iniibdcs actually icprosonted a well- 
deTeloi)ed intra-nlvcolar papilloum with a definite centnd fibrous core and ho fell 
that this further ob-sen-ntion also favorol the theory of multiccntric origin of the 
tmnor. 

In summaty, then, it biH-omcs n|)parcnt that this specific entity -whicli has 
probably often been lnl)clcd an ndenocareinoma in the i)nsl is being reported 'n-itli 
incrca-sing frequency (for cxamjile. Adler' 20 ca.sas in 1912, Ncul)crgor nnd 
tlccvcr” 25 cases in 1942. Ikcda'" 4 cases in 1945) ns its distinctive liistologic 
appearance Is accoptecl, nnd the typically multiple nrmngcmcnt of neoplastic 
areas coupled with the failutx' to demonstrate n hidden primary tumor permit 
general neccptanco of the view that it has a multicentric origin. 

the FJUTIIU.IAI. OKIOl.N OF M.VIXU..\R CELt, CARCLNOIIA OF THE LUNG 

Just as there has been he.sitation in accepting the multiccntric origin of 
pulmonary tumors hn\iug this distinctive histologic a))i)enranee, so also has tlicrc 
boon lack of gcnci-al agreement concerning the presence or nljsouco of a layer of 
cells lining the alveoli from which this neo|)lnsm )night arise, laurthcrraoro, di.s- 
agreement has been apparent ui deciding whether this layer of cells, if it is 
actually present, develops from endodermul or mescnchi.-mnl elements nnd, con¬ 
sequently, whether it is ])roper to name the tumor a carcinoma at all. 

It is undoubtedly difficult, if not impossible, to domonsti-nto a lining layer of 
cells in the alveoli of iionnal lung tissue, but ns iMillci'”' points out in his 
monogi'nph, it is often necessary for the pathologist to tum to normal tissues 
when in doubt as to the cori-ect designation of a certain cell or group of colls, 
and in a similar manner the normal histologist may be obliged to inspect path- 
ologic material in order to obtain better insight into the strnotures under 
ol)scrvntion. In the case of the lung, he has shown beautifully the presence of 
a Mntinuous layer of lining cells in the alveoli when they are rendered visible by 
leing separated from the nndcrixing framework of connective tissue and vessels 
by (a) the pouring out of a serous exudate boliind them in a pneumonia or (b) 
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the mechanical edema of mitral stenosis with insufSciency of the valve. In these 
cases the lining appears as a layer of flattened epithelium in a continuous sheet, 
the nucleus bulging out in the thinned-out portion of the cell. 

i^'Iiller^“ also pointed out that the presence of “pores” in the alveolar walls 
may be explained on the basis of pathologic changes occurring when the epi¬ 
thelium is pushed off in this manner and that thej' are not necessarily- normallj 
present. When the epithelium is pushed off from diametrically opposed sides 
of an alveolar wall, the serum poured out from the capillaries then finds an 
exit into adjoining alveoli and with the conversion of fibrinogen into fibrin the 
characteristic strands of fibrin passing through the alveolar wall are formed 
(see Macklin).^' In these eases epithelial cells may be seen attached to the 
strands of fibrin as they leave the alveolar wall. Maeldin^ demonstrated 
residual epithelial cells on the puhnonarj- alveolar walls in various mammals, 
and he believes it is possible that primary carcinoma of the lung can originate 
from these cells in man. 


Nonetheless, it has been repeatedly obseiwed that cells may be seen lining 
the alveoli in certain diseased conditions such as chronic passive congestion, 
lipoid pneumonia, chronic interstitial pneumonia, and other chronic inflamma¬ 
tory processes such as empyema, abscess, bronchiectasis, and tuberculosis. The 
process appeals to be one of hjiiex’plasia of the lining cells and has been temed 
“ epithelization ” of the alveoli. 

Similar changes which may progress to adenomatous formations and frank 
malignancy can be produced experimentally by the use of ceriain chemical 
carcinogenic compounds. Andervont- was able to show for the fii’st time m the • 
lung that carcinogens do not act only locally when he produced primary lung 
tumors in a certain pure strain of mice by the subcutaneous injection of di- 
benzanthi’acene, usually without the occurrence of subcutaneous tumois. Al¬ 
though this strain of mice had a high incidence of spontaneous lung tumois, the 
induced growth appeared much earlier and it was postulated that following 
absorption of the carcinogen from the subcutaneous tissue it was carried to the 
lung where it accelerated the normally occurring carcinogenesis. Lung tumors 
could, of coui’se, also be produced by tlie implantation of dibenzanthracene 


directly into the lungs of this mouse strain. 

It is interesting to note that Andervont® also bred male and female mice o 
high pulmonary tumor strain to females and males, respectively, of low pn 
monary tumor strain, where all attempts at the induction of lung tumoi’s 
dibenzanthracene had failed, and following this females of the first by n 
generation were then mated to their brothel’s to produce the second hybiid 
eration. The presence of tumoi's in a high percentage of both the fii’st (9 
cent) and the second (75 per cent) hydirid generation shows that the suscep 
bnity of the lung to tumor formation induced by the subcutaneous injection o^^^ 
lard-dibenzanthraeene solution is inherited in a dominant manner and is c ear. 


specific for that particular organ. . ^ 

Multiple adenomatous tumors originating along the alveolar walls nave 
produced experimentally in mice by Grady and Stewart,^® and 
tiple tumors of the same type, also in mice, have been observed by ®tye, o 
and 'Wells.®° These adenomatous lesions resemble those described by Oow 
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South Afrienn sheep, n discnse kno\ni ns jngzicktc and prol)nbly caused by a 
virus, the counterpurl of wliieh has been reported in liumnn beings under the 
name of adejioniatosis by Beil.' 

AVe then liavo definite cellular eliniiges occurring in the alveolar walls in 
response to many of the factois that have been shouni by those working in cancer 
research to bo potentially responsible for tumor formation in general. The 
factors mentioned have Itcen (a) chronic indtation (eliTOnic inflammations in 
human beings), (b) chemical careinogenic eompounds (in mice), (c) heredity 
(in mice), (d) ti.ssue susceiitibility (in mice), and finally (c) viruses (in sheep). 

Surely, if such responses (hyperplasia or “cpithelbmtion” adenomatosis mid 
malignant degeneration) can 1» rcgnlarly induced in the alveolar walls by such 
varying factors, it would seem that the iiresence of a cellular lining of the alveoli 
can no longer bo denied, particularly in view of IfillcrV' mastcrfiil demonstra¬ 
tion of its existence. 

However, even if this rca.soning Is acecptcrl, the (picstion concerning the 
exact dcvelo))mentnl nature of a lesion arising from these cells has still not been 
ansuered, for we have yet to decide whether they arc of epithelial origin or have 
a nicsenehymal background. No definite answer to this problem seems possible 
at the present but several factors arc highly .snggc.stivc. 

It is generally accepted by cmbryologi.sts that the lung develops ns a bud 
of endodorm from the foregut, which broiiehcs out into the surrounding mesen- 
clijTno ns the lungs jiroject into the tbonieie cclom. On this basis it would seem 
reasonable to expect tiint the saeculations (or alveoli) at the end of the branch¬ 
ing tree would retain a layer of cells derived from the cndodermal bud from 
which they developed. However, ns Bariuml and Day* jiointed out, it has liocn 
noted that this ctilioidal lining wiiieh is admittedly ])rcscnt in early embryonic 
life seems to disappear from about the fifth month onward and has not been 
seen to reappear at a later date. Quite possibly iu view of Jlillcr’s*” demon¬ 
stration tlmt a lining doc.s exist, i-cstudy of this ])roblem with more modoni 
teclmicpics, as for example an artificial duplication of the increased venous pies- 
sure found in mitral stenosis, might show a similar lining of llattened cells that 
was not apparent before. 

Those who believe that this linuig layer does actually disappear theorize that 
the changes of hj-perplasin, adenomatosis, or frank carcinomatosis, as described 
previously, occur as a i-csult cither of hyperplasia of the so-called “septal cells” 
(llaximow and Bloom)‘° which have a perivascular distribution and arc prob¬ 
ably mesonchj-mal in origin, or of extension into the alveoli of cells lining the 
broncliioles, tlie epithelial origin of which is uniformly ncceptod. In the first 
instance Uioso mesenchymal septal cells may, as Neuberger" suggested, gradually 
form a conthiuous Ihilng which becomes clearly demarcated from the adjacent 
tissues, but the absence of reticulum fibrils and the ccUular appearance so closely 
resembling the usual adenomas or enreinomaa make this theory appear improb- 
“ble. It is only fitting to point out, however, that this latter objection is over-' 
come if one accepts the,views of Oppenheimor'* (quoted bj' Neubergor and 
Qcover) who docs not believe that germ layers are specific and believes them 
mpablo of undergoing transformation from one tj-pe to another under different 
rn'rironruental conditions. 
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In supporting the second theory Herbut^^ favored the origin of the 
alveolar cells from the basal cells of the bronchioles since the fact that there 
is a continuation of these basal cells into the alveolar lining in some eases of 
bronchiectasis shows that such invasion is possilile. Sweany®^ and JafEe’“ also 
believe that these basal cells are multipotential and can develop into anj' type of 
ceU in the bronchial tree including the so-called “alveolar cell,” hut actually in 
the literature there does not seem to be any irrefutalile histologic ewdence that 
extension of these cells has occurred into the alveoli in the lesions found in this 
particular type of pulmonaiy neoplasm. 

In this regard Frissel and Knox^® felt that the alveolar pattern of cellular 
arrangement merely represents an attempt on the part of the tumor cells to 
mauitain proximity to the available vascular supply in the walls of air sacs and 
on this basis they felt justified in classifying the lesion as an adenocarcinoma of 
bronchiogenic origin. 

Although it is impossible with our present state of jiroved knowledge to 
discard these other theories completely, we believe that there is a sufficient bulk 
of evidence favoring the presence of a definite cellular alveolar lining to accept 
its presence and also to consider the cells to be of epithelial rather tlian mesen- 
ehymial origin. Therefore, the term “alveolar cell carcinoma” Avould appear to 
be the one most suitable for the future designation of tliis specific pulmonaiy 
neoplasm. 


CASE REPORT 

The patieut, E. L. W., a 35-year-old used car dealer, was admitted to Barnes Hospital 
on June 1, 1943, at which time ho stated that ho had suffered from a chronic cough for the 
past eight to twelve months, which had become productive in the six months prior to ad 
mission. At tliis time he was coughing up approximately one-half cup of foul-snielhngi 
greenish yellow sputum each day, and although there had been no associated pain, voice 
changes, general weakness, or weight loss, he stated that he had noted a small amount o 
blood streaking of the sputum ten days before admission. This was the only occasion on 
which hemoptysis had been present. 

There had been some dyspnea on exertion, associated with palpitation and vertigo, 
and these "dizzy spells” had become sufficiently severe that the patient had consulted a 
physician concerning them about six months before lie was admitted and had been rca 
for “heart trouble” and “allergy” without any improvement. One month before adniis 
sion he had been seen by a chest specialist who ordered a chest plate and subsequen y 
referred the patient directly to a hospital. 

The past history apart from some mUd chronic sinusitis of many years s an 
and a “touch of dropsy” did not appear to be significant, nor did the family history 
the general functional inquiry. He did not smoke. 

Physical examination at the time of admission revealed a few large moist 
the lung bases posteriorly, with some questionable diminution in the audibility o 
breath sounds over the right lung Hold. The temperature, pulse, respiration, ^£ 1 ,^ 

sure, and laboratory findings were within normal limits and the sputum was nega ive^^^ 
tubercle bacilli or fungi. There were no other signiflcnnt findings on physical 

A fiat plate of the chest showed an infiltrative process in the right lower 
(Pig. 1) .which was nonspecific, and a lipiodol bronchogram showed all the bronc 11 ^ 
left side as well as those to the right upper and middle lobes to bo normal. ^ ^ 
tion of the right lower lobe bronchus was filled, although several flecks of opaq 
terial were visualized overlying the large area of infiltration. 
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Dlagno5tic l>ronchO}ioopy uns nimilnrly of littlo help. Tho treclion contntncd a little 
pas hut the corina wns tliin nnd noruml in opponrnnco and tho only noteworthy dndinp in 
any of tho l»ronchl viKunllzctl ti iiliRht bulging In one of the medial divisionf of (ho 
right lower lobo bronchuB from whieh a biopHy wna taken. Tho pathologic report on tho 
Bpocimen, however, showed no nrens Huspielnua of malignancy and waa Inbelcnl an chronic 
inflammation. Tlve nmtcrinl e^maistcil of a polypoid ninas covered on nil aides with epithe¬ 
lium that occasionally seemed to be undergoing mjuaniouB metaplnaln. There was a core of 
fibrous tissue with ninny bloml vcsmoIk and a consideroblo inflammatory procosss through¬ 
out although most of the cells were lymphocytes. 

It was felt that an explomtoPA' thoracotomy should Imj performed and this was done 
(by E. A. 0.) on June 8, lU-13. 



^^®*'’tffcnoKpnni of chest Juno 2, 19-13, Ju»t prior to first operation, llomoffonoous 
poorly delineated shadow In rlRht lower chest Upper lung field dear. 

Opernboa.—On opening tho chest (here 'vas no ovldcnco of cither plcuml effusion or 
^dhesiemg, but there ^^-n8 a mass of fairly firm tissue involving tho greater portion of tho right 
ower lolw nnd extending to tho poriphory whoro It causcKl n very marked dimpling of tho 
^rnl plcuml somewhat suggesting cnrelnonin. However, it was foU that tho consistency 
hot sufficiently firm to substantiate this suggestion and it was finally decided that tho 
on was inflammatory in nature nnd consequently n lol^octomy was perfonned. Ordinarily 
^rn^n section would liave been niado at tho time of oi>enition, hut tho limited facilities for 
ferrying It out bocauso of war conditions niado the procedure iniposslblo. 

A consldomblo amount of bloodstained fluid collected in the imraedlnto postoperative 
o, and ns closure liad l>oon effected without drainage, it was necessary to perform sev- 
tlo fo prevent a shift of tlio medinstinnl structures. No ovidonce of infec- 

liowoTcr, and tliorenftor tho poatopemtlvo course was uneventful und recovery 

—Tho gross appeamneo wus mucli ns dcscriljed previously with a de¬ 
co ^ P°®hcre<l looking area overlying tho actual lesion, which oa sectioning was found to 
prise a well-encapsulated area of edomatous and probably infected tissue. At oao edge 
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of this area was a smaU cavity containing some necrotic tissue, and surrounding this canty 
the induration was sufficient to re-arouse the suspicion of carcinoma. It also suggested an 
organizing pneumonia (Fig- 2). 



■whicli 


tL epitheHum looked hyperplastic lunien of the ttl colls, 

in JaU papillomatous formations .Iteolar structure was not 

tion of edema and tnere ^ 
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larger bronchi nnd bronchioles. There wna no ovlclcnco oilhcr at operation or pathologically 
of involvement of the regional hmiph nodes. 

Altlioagh thoro wns obvioasly a great deni of secondary Infection and inflammation 
In the lobo it n-ns recognised at the time by Dr. Nnthon Womnek that a carcinorantoua process 
appeared to bo arising simultaneously in scvcml different regions. Also he called attention 
to tho similarity of this enso to jagsickte. Beenuse of this fact and tho Inck of any evidence 
of regional motnstascs; it \vna dccidctl unwise to ronsliler completion of tho pnounionoctomy 
duo to tho prolmbillty thnt similar nreo-i of involvement were present in (ho left lung. Per- 
Imps this wns nn error in judgment in view of tlto sul^seqtioiit history. 



SuVicquent Course.—^Tho patient mode a satisfactory rocovory and ^ra8 well until the 
fall of 1040. Ho saw Dr. A. 8. Ashmore of AVlchita, Kan., in October, 1040, and complained 
that timo of a productive couglu An i*my of tho chest showotl a lesion overlying tho 
diaphragm measuring 2% inches in diameter. Ho refused treatment at tlmt timo. He began 
^ lose weight and developed pain in tho right upper thorax and shoulder girdle region which 
hiterfered with tho function of tho right arm. On July 17, 1947, brondioscopy was negative 
^ the Uplodol examination was unsatisfactory, but the x-rny dcmonstmte<l a dense shadow 
obsenring the right lower lung field (Fig. 0). In December, 1047, exploration was done at 
Chita by Br. Ashmore and tho remaining portion of the right long resected. At the time 
0 the exploration, tumor resembling “caviar*' or “raspberry jelly" was seen growing over 
0 chest wall where it had invaded over on area of 4 inches in diameter. ITie modlastlnal 
yraph nodes were apparently negative. He made another uneventful recovery from this op* 
®^Uon but because of the evidence of invasion of local tissues, ho was given intensive post- 
°pcmtiv6 irradiation therapy (7,000 r. tlirongU four portals). Ho wns last seen In Sop- 
OCT, 1048. Bronchoscopy was negative and there wore no tumor colls found In tlie smears 
the bronchus. Tho opposite lung was clear to radiographic examination. He was In 
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Fig. i. Detailed view of nodule of tumor demonstrating its ■well-differentiated character, first 

operation. (Photomicrograph X'lZO.) 
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ciw'llont cHniml condition. The nu^ro^f*opi^• |mttorn of the tumor found at the second 
operation xvjih ver}' similar to thnt seen at tin* llrHt operation (Kip. 7).* 


DIHt'rSSlGN’ OK CASK 

Tliis imticiit lins a known dimilion of liia disease of al least six years. Tlie 
initial lolrceloiny rc.stilted in fi-peiloni from symptom.s for alwnt four years. At 
the time of the second operation the miemseopie appearanee of the tumor had not 
changed (Pig. 7). However, there was evidence of local iimision of the chest 
wall. The regional lymidi nodes have remaimsl five from disease. The opposite 
hmg radiographically has shown no elinnge hut it is entirely ]K)s.sihle that al¬ 
ready in this lung there may he the early changes of hyperi)lnsin (cijitheliaation) 
or Istnign adenomatosis that are i)resumnhly of a preennecrous nature. 



tU^tcenon-nm of clipflt July S. 194T. Jiint prior to BoconJ opomtion. Dcnre almdow 
In rliht lower cheat, liiEh ainphminii. lliickenod pleum. I>-ft lunt clenr. 


The sui'gical treatment of this ease has resulted at least in verj- worth-while 
palliation. The peculiar nature of Iho timior, although prohahly malignant, 
Md the ahsence of any knotvn snrgieal oxporioneo with it prior to our operation 
w 1943, made the necessity of total pneumonectomy seem tpiestionnhlo at that 
hnie. Perhaps, however, further experience will show thnt the total removal of 
10 lung is indicated as a imlliativc proectluro in spite of the existing possibility 
of lesions in the otlior lung. This ease would seem to .suggest thnt. This patient 
rs apparently the third treated surgically and the only one nith a long follow-up 
( rymnlsla* and Wood and Pierson**). Wood’s patient had a right lower loboc- 
omy for wlmt was thought to he an inflammatory lesion. A roentgenogram six 
Weeks after operation appeared to be clear of disease. The patient died six 


"no Dr. ..Vjihmoro for Uio hlrlory of Uio lubscquent course, the x-my nim, 

"frerotcopic from the second operation. ^ 
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months later of carcinoma of the uterus. At post-mortem examination multiple 
foci of pulmonary adenomatosis were found in all remaining lobes. As Wood’s 
case is very similar to the one reported here in both its clinical course and pathol¬ 
ogy, it lends further support to the concept of multiple foci of origin. His case 
also suggests that the case reported hei*e may veiy weU have other foci of tumor 
in the remaining left lung. Wood recognized the similarity of his case to jag- 
ziekte. No doubt the lobar distribution of the signs and sjTnptoms of some of 
these cases is due to the strategic location of nodules of tumor close to a bronchus. 
This results in infection distal to the block and these changes give a clinical pic- 


k ..•Ay-- J W i-i 





FIff. 7.—Persistent tumor in upper lobe. Note well-differentiated character and 
to original tumor, second operation. (Photomicrograph X60.) 

ture suggesting inflammation. If there is no surgical interference the patient dies 
of inflammatory complications. The case repoi’ted demonstrates the value o 
sui'gical resection in the presence of such localized inflammatory complications. 

SUMMARY 

A brief review has been presented dealing mth a specific type of puhnona^ 
neoplasm which is characterized by a reproduction of the alveolar structure 
the liuig. The eridenee is discussed which favors recognition of the multicen i^ 
nature of the lesion and seems to indicate that it may quite properly be ^ 
an “alveolar cell carcinoma.” An illustrative tjqiical case is reporte 
demonstimtes tlie slow gro^vth of the neoplasm and the palliation whoe 
result from the removal of the diseased tissue, although the manifesta 
the disease may reappear several jmars later in a different part of t e i ^ 
as in this case. Also, attention is called to the similarity of this eas 
iasziekte, the South African disease of sheep.* 

~ of tbG 

»The pathology of this case has been reviewed by Lbwot V^. jlo. 

Uon of Shrglcal pithology, Washington University School of Medicine. Sh 
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ECTOPIA BRONCHI 

William H. Falor, jM.D., amd A. H. Kxriakides, M.D.f 

Akrom, Ohio 

D EVELOPj\IENTAL abnormalities of the traclioobroncliial tree and of the 
pnlmonaiy parenchyma are rarely found in life or at necropsy. Even after 
careful clinical scrutiny one commonly confuses such abnormalities wth other 
pnlmonarj" diseases, or else arrives at a diagnostic impasse. We are principally 
interested here with ectopia of the bronchi to the left upper lobe and ■nith the 
resultant varied pareuehj'mal changes in the left lung. 


EMBRYOLOGY 


Arey^ in discussing the embi'jmlogj’^ of the lung stated that in the 3 mm. 
human embryo the lung first api>eai‘s as a grooveldce evagination on the ventral 
surface of the esophagus. The enlarged candad end of this evagination gives 
origin to two small lung buds. At a later stage, the predestined anlagen of the 
esophagus and traeliea jjeeome separated by a constriction. This constriction 
is separated at tlie cephalic end by the larynx which is demonstrable at the end 
of the fifth week in the embryo. Hollow evaginations of the lung buds e-rieud 
into the surrounding mesenchyme, enlarge rapidly, and branch to produce a 
treelike tubular system. Tlie surrounding mesenchyme by the end of the seventh 
week gives rise to muscle libel's, cartilaginous rings, and probably to the lining 
cells of the alveoli. 

Ekehorn^ and Flint^ related that the lower, lilind end of the primordial 
trachea becomes fixed, divides, and then projects into each thorax (stem bronchi) 
where, by a process of arborization and domiward growth, the bronchial 
is developed. Heiss"' believed that a process of infolding and septum formation 
are the developmental mechanics responsible for the progressive differentiation 
of the lung. He rejected the term and conception of stem bronchi. For him, 
stem bronchi are the peripheiy of tlie lung from wliich the connecting am 
terminal structures of the liuig parenchyma are formed by a continuous m 
folding. 

Ferguson and Neuhauser^ added that as a result of the sequence of cm 
bryologic events ' ‘ complete absence of the lung, with no lung bud or main stem 
bronchus whatever, indicates a developmental defect which has oecuried very 
early in fetal life,” . ^ 

Grraenfeld and Gray® speculated that developmental anomalies of the imp 
are caused by "phylogenetic newness of the organ” and by the enormou^ 
grovdh it must undergo in the embryo before its functional fom is achie\e 
They first identify the division of the left stem bronchus into its two mai^ 
bronchi in the 7 mm. lengtli human embi-yo. It is interesting that m 
review of lung malfoi-mations tliere is not included an example of t e . 
here presented. 
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Sclmeidei’ elnssificd n|)Instic Iiiiifrs ncrordiiif; lo the picscncc or nl)30ncc ot 
a rudimcutnn,' hromdius or of an nplnstic hm!;. lie furtlier diflereiitintcd Riich 
aplnaiii into liigli and low degrees depending on the nlisenec in whole or in ])art 
of the hronehinl or i)nlmonniy clement. 

Jordan’' in his detailed chussillealion of pulmonary anomalies would include 
the ciuse herein rciiortcd ns “agenesis of hronehns—to a normal lolw.’’ 

Caffey’ in de.scrihing the eongenitnl defects n.ssneinled with total aplasia of 
the lung included . dia])hnigmntie ilefeels, cardiac and renal malforma¬ 

tions, .skelclnl abnormalities, and alienee of the s-agits none.'' lie cottsidercd 
that the high frc(|uency ot mssoeiation of judmonarj- aiilnsia with homiverlehm 
jastifies considering the coinhination ns a “syndrome.” lie presented a ease 
showing bronchogmi)hic evidence of alisenee of the eparterial hronehas in nsso- 
cialion with an hemivertebra of the eleventh thoracic vertebra. Peeler and 
Phillip.s’” eiled the finding in n ‘2-monlh-old infant of a hypoplastic hronehns 
to the left upi)cr lobe; however, there was no histologic examination. Cn.ssinclli" 
and Nelson” each diseiLssed a similar ea.se which on microscopic examination 
was found to have a marked diminution in the numlmr of cartilnginoas rings. 
Morelli” discussed the ])o.ssibility that an aberrant pulmonarj- nrtorj- might 
piXKlneo this latter alierration. He, too, citol a ease in which tlio bronchus 
to the loft uitpor lolte was small and lacking in cartilaginous rings and in total 
cartilage in the rings i)rc.sent. Diagnosis was made on his i)atient at 1 month 
of age, and miltstantiatcd at necropsy at 4 months ot age. lie indicted the 
aplasia of broitehtts and bronchial cartilage ns the agent precipitating the 
emphysema. 

In concluding this review of the literature on the cmbrj-ology of the trachea, 
lironchi, and lungs, we feel with Harris and I^ewis'* that ktiowledgo of the 
comparative anatomy and cmhrjologj- ot the bronchial s.vatcm has not kept 
pace with thoracic surgery. This Inek of information is reflected in the difficult 
recognition of such lesions. 


CASH REPORT 

A white boy, ngod 0 ycnni, wm ndmiltcil* April 2.1, 1P47, lo Oliihlrcn’s Hospital, Akron, 
Ohio. The cliild^a physical and mental prowtti and nctlvities were not unusual until lOtG, 
'dren for the tlmt timo ho woo noted to tiro readily nod to become dyapnolc upon oicrtion. 
A physician mndo the diagnosis of dcxtmcnrdia nml cnutioneil the parents to limit the 
chillies physicnl octivitics; ns n result of this the eliild became nentely nwnro of Ids lienrt 
snd Bcloctlvoly limited bis activities lo his own fnvorlto sports. During tbo next two yenrs 
his only complaint was of shortness of bronth; there wns no congh, expectoration, cliest 
P*la, or known evening hypertherrain. 

Tbyslcul oxaminntlon on ndmbision revonlcd a thin, 9-yonr-old, intolUgont, coopemtlvo 
^ to nude child In whom posHIvo findings wore limitod to the thorax. The thoracic enge 
was asthonic In typo with n widening of tbo intercostal spaces on tbo right and a narrowing 
relntivo immobility of thoeo on tlio loft; tlicro was n slight list of the loft shoulder, 
heart rate was 110 with a normal rhythm; tlio loft bordor of cardiac dnllncss wns retro- 
(11 I V rigid wns at the right niptde. On the left side there wns increased resonance and 
™ r "hed breatli sounds and voice conduction. On the right side broatli sonnds were 
_^ 'Tliero was a mild secondary nnoniln- Intermittent afternoon fever ns high ns 100.4* 

"On the medical service of Dr. Noah MRler. 
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Fig. 1.—Anteroposterior roentgenogram showing cardiac stittt, radlolu ^ 
chest, and smaU paramediastinal cyst. Krr.nchl In lower thor 

Fig. 2.—Anteroposterior bronchogram showing concentration ol e detail. 

Fig. K.—Left postero-ohlinue bronchogram showing upper lobe , ^j-ouchl extei 

Pig. 4.—Left lateral bronchogram showing posterosuperlor upper 
Into emphysematous mass. 
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r. TTOfl nolod^ Intrnthornclc pressure reaOings in the sccomi left interapneo \Toro: on inhnlft- 
tion, ploj 2 era, rralcr pressure, on cxlmlntion, plus 0 cm. After aspiration of 200 c.c, of air 
the pressure readings ^vc^c: on inhalation, minus 10 cm. water pressure, on exhalation, 
minus 4 cm. The patient coughed Tigoroualy twice, nnd following this the readings returned 
to the pro-nsplmtion Icrols, 

Anteroposterior x-ray tIcw revealed (Pig. 1) n shift of the raedioetlnura to the riglit with 
a semblance of n dextracardin. A fow lino pulntonnr)* markings appeared to mdioto from 
the left hiJum Into the superior and lateral aspect of the loft lung area; these markings 
radiated from an area 3 cm. in diameter of increased density located just to the left of tlio 
hllns. A concentration of pulmonan.* markings in the lower flftli of the loft thomx sug¬ 
gested a compression hTic of atelectasis. Broncliogmras (Pigs. 2, 3, and 4) rovcnlod n con¬ 
centration of on entire normal loft bronchiul tree in the ntclectotic lower lung field, and 
a eoraposlto bronchodlagrnm, left lateral view (Pig. 5), identifies enoh bronchus according 
to the systems of Boyden*# and Jackson nnd llulM?r.** In the nntoropostorlor (Fig. 2) 



of —Composite bronchodlxieram. left lateral, developed from Fig. 4, with Identification 

' ^•cklonand^^beir 5 arstem of Boj^en." nud correlation (below) to the system of 
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and left lateral (Fig. 4) views there are several fine branches extending cephalad from the 
first 2 cm. of the upper of tlie two stem branches of the left main bronchus. These left up¬ 
per lobe branches are identified (Fig. 5) ns Bronchi 1 and 3 by the system of Boydenis 
and Scannellir or the posterosuperior segmental bronchi by Jackson and Huber.i» It rras 
subsequently determined that these bronchi were tlie only sources of air into the emphy¬ 
sematous upper lobe. The normal complement of upper lobe bronchi readily can be identified 
in the left posterior oblique view (Fig. 3), and the two brondii to the lingula are seen to 
advantage in the lateral view (Fig. 4) to arise as separate branches from the lobe bronclms. 



Fie- 6-—Illustrating- atelectasis of left lower lobe and mediastinal shift ** 

sematous left upper lobe. Note aberrant artery and bronchi to upper iu 

A diagnosis was made of pulmonary cyst of the left upper lobe with bronchopleurd ^ 
and compression atelectasis of both lobes. It was felt that this cyst was 
“ball-valve mechanism” in the communicating bronchi, and thoracotomy was un e 
in an effort to resect the cyst. 

, On May 21, 1947, under oral-intratracheal ether-oxygen anesthesia 
lateral incision -with resection of the fifth rib and section of the fonrtli and s 
tubercle, the left thoracic cavity was opened. A minimal pneumothorax under ig 
tive pressure was found. The left upper lobe (Fig. 6) filled SO per cent of tie e 
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ami obvioiifUy wns cxcriinp prcwiiro on tlio atelectatic, tlnrk, flbrotic lower lobe. Jlo*expnnaion 
of this lower lol« wns impossible oven with 20 enu prensuro oxortctl through tho Intratracheal 
tobo. Tlie upifor lobo was pink and though spongj* in consistency it still was tense and' 
ronmioc<l so even after tlio manipulation attendant on pneumonectomy. Increasing tho intra¬ 
tracheal pressure incrcnml slightly tlio lenhcncss of this upi)cr lobe. Tho surface of tho 
lower lobo had intercommunicating lobule markings strongly outlined with nnthmcotlc pig¬ 
ment; however, th(‘so markings in the upi>er lobe were much more widely separated and 
were a brigiit pink in color. Tho liimrt un«l metlinstinum appeared normal. In tlio lulus 
of the lung there were sevcml soft lymph imhIcs im*n‘*uring up to 1 cm. in diameter; tho 
pulmonary artery nnd veins were normal in si/e and {losition. An aberrant artorj' 3 mm. in 
diameter originalc^l from the aorta near the origin of tho jMniond left intercostal artery and 
was directeil into tlie mo<linstinal nsjtoct of the up|K*r lolte. Total pneumnnectonty was per- 
forrac<l by Individual suturo-ligution silk t<vlmi«|iu', nml tlio thorax was closeil without drain¬ 
age, Convalesconco was uneventful, and the jaitient was dischargcil on tho twelfth jiost- 
ojKtrativo day; a chest roentgenogram taken luelvo wi*eks later (Fig. 7) revenletl a satis¬ 
factory iioaltion of the heart and me<lia«tlnum. The patient retumeil to school where ho 
was found to have a much greater exerrise toleninee; the “cnriUnc consciou9ni*sa*’ was gone. 



7.—jVntcropoiterlor roenteenoffmm takon twolvo weeks postopcmtlvoly 


Pathology. —Tho lung mcnsurtHl fl by 12 by 17 cm.; the pink, omphysomatous uppor 
olw was C by 12 by 13 cm. and had tho form of n noniml but grontly distcnde<l lobe. Tlio 
Pmmonnry veins wore normal in distribution. Tho polnionnry nrtorj' contributed several 
fioos brandies to tho upper lobo and then rnmiflwl tliroughout the lower lobe. The nbor- 
r^t artorj' from the aorta brandiod soon after entering tbo uppor lobo. Tim left stem 
^nchus entered only tbo lower lobo wbero it divided Into two main trunks (Fig. 3). Just 
^ . ond this bifurcation tho ecphnlad of these bronclil gnvo off three bronchi measuring alxmt 
^^QWJtor; these were identified ns Brondii 1 and 3 on tlio bronchodiagnun. They 
where ^ *^ho Interlobar fissure for nbout 2 cm. into tho substanco of tho uppor lobe 

they termiimted, patent, in tho omiibyscmntons tissue of tlio lobo. Tliesc were the 
y ^aramnnications of the tradieobronchinl tree with tho upjKjr lobe. 
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Cut section of the upper lobe revealed thin-walled emphysematous blebs throughont, 
5 to 10 mm. in diameter. On microscopic examination (Fig. 8) the presence of such tissue 
was confirmed, and a diminished number of terminal bronchi were seen. Except for the 
previously described bronchi entering the lobe from tlie lower lobe there were seen but 
four or five bronchi, 2 to 3 mm. in diameter, and these radiated into the periphery of the 
lobe from a hilar cyst 1 by 1 by 2 cm. (Figs. 1 and 6). The cyst wall was firm, 3 mm. 
thick, and contained gray, inspissated mucoid material; microscopic examination of its wall 
(Fig. 9) revealed the structure of a large bronchus. 

The lower lobe was atelectatic (Fig. 10), and cut section revealed an inordinate number 
of closely crowded bronchi. Detailed examination of the distribution of these bronchi con¬ 
firmed tlie presence and arrangement of bronchi as represented on the composite broncho- 
diagram (Fig. 5). 



Fig. S.—Illustrating bronchus and generalized emphysema of upper lobe (XIS)- 


COMMENT 

It has been assumed that the mesenehymatous anlage of a normal 
gave rise to the two lobes of this specimen. The presence in the lower o e e 
all the segmental bronchi normally found in an entire left limg has been m er^ 
preted as an ectopia bronchi of the left upper lobe. The posterosupenor 
mental bronchi aerated hut could not return air from the emphysemato^, 
tionless upper lobe. Compression atelectasis of the lower lobe and me las i^^ 
shift ensued. In the absence of a major bronchial communication 
upper lobe to the mam bronchus it is impossible to explain the presence m 
lobe of hronelii and of the bronchial cyst by the theory of lung gl, 

pounded by Ekehom== and Flint.^ They described tlie development ot n 
hronelii as proceeding peripherally from the stem bronchus by a p 
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arborization. Heiss’^ tbeorj^ considers the stem bronchi as originating in the 
peripheiy of the Inng and bj^ a process of continuous infolding as gmng rise 
to the connecting and terminal structures of the lung parench}Tna. Sncli 
peripheral development has occurred in the ease described; it hut remained 
for the large bronchi arising centrally to join these smaller elements to com¬ 
plete a normal bronchial architecture of the upper lobe. Indeed, it rvonld ap¬ 
pear that here the mesenchj'matous mass that Arey^ denoted as contributing the 
nonepithelial elements to a lung had by a process of metaplasia given rise to 
bronchial epithelium. A more likely exiilanation is that the epithelium of the 
cyst and small bronchi arose from the bud of the left upper lobe bronchus, which 
bud later was incorporated into the lower lobe. 

COKCLU.SION 

A ease of ectopia bronchi of the left lung has been presented. Reference 
has been made to the prevaUuig theories of the development of the tracheo¬ 
bronchial tree and of the lungs, and the adequacy of these hypotheses has been 
questioned, particularly when reviewed in an effort to explain the anomaly 
described. If the knowledge of pulmonaiy embryology' and the ability to diag¬ 
nose lower resiiiratoiy tract anomalies is to keep abreast of recent advances m 
anatomy' and surgery, detailed consideration must be given to a collection of 
many case reports such as that herein presented. 
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LUNG IIKHNIA 

A Case Report and Rewew of LiTEn,\TURE 

.Tmojii; J. IJuRWlcii, M.U.* 

Wichita, Kan. 

T he occurrence oC n ense of lung licrnin ou llic surgicnl service of this hos- 
pitiil hns stiniulntcd nio to review the nvnilablo litemture. Lung liernin is a 
rclativclj' rare condition. Lc.ss than 200 en.ses of lung hernia have been reported 
in the litcratnie. A number of the earlier eases cannot bo considered as tnio 
hernias of the lung hut were merely traumatic eviscomtions or prolapse. 

A true lung hernia is defined ns a pi'otrusion of the lung and its pleural 
membranes tlirough an abnormal opening in the Ihoracic enclosure. 

The first cn.se of lung hcniia was reported by Roland in 1499.' Uowevor, 
tliis probably was not a true hernia of the lung. Jlontgomcrj- and Lutr.' credited 
Plater with the first report of a cn.se of (nic lung hernia in 1041. Since that 
time Uicrc have been scattered iTimrls of individual cases in the literature. Up 
to 1800 only fifteen cases had been reported, nine of which were true lung 
hernias. JIorcI-Lavallcfi' in 1849 compiled a detailed study of the cases, described 
the symptoms, and classified pulmonary hcniias. 

In 1925, Jloutgomor)- and Lut;: in an c.Ttcnsivc review of the literature 
found 165 cases. Goodman' in 1933 compiled 171 eases from the literature. 
Maurer and Blades’ made the most recent study of lung hcniia and reported 
seven additional cases—the largest individual report in the recent literature. 


C,\.SK ItFJNIRT 

Mr. L. C. B., nped 40 jx-ars, a ateamfittor, entered tlib hotfpilnl on March 28, 1&4C, vritli 
history of lin\inp been in an automobile accident at 0 A.ii. March 27, 1040. On admission 
the patient was found to have multljilo Incemtlons ami nbmsions about the face, bond, and 
left side of tho chest j mnrk<Nl sulwntuncous omi)h}*»onio of tho chest wall and sapmclnvlculnr 
and niuUlplo fractures of tho loft sixth, seventh, eightli, and ninth riba posteriorly. 
There was consldcmblo dlsplaconicnt of tho £nicturo<I sogmenta of the aixth and aevontU ribs. 
A loft Iremothomi and hcmoporlcardlum onsuoil but under consorvntivo therapy apoatoneous 
*^orery occurred except for slight pain and tendemosa in tho region of tho fractured ribs. 

On Jan. 10, 1047, tho patient was readmitted to this hospital complaining of pain in the 
left posterior portion of tho chest. Tho patient atatod tlmt following provloas hospltaliiation 
ho was unable to work becauso of pain. Tlio pains wore described as beginning beneath the 
loft scapula and radiating laterally to tho loft ahoulder. Tlio pains were burning in character,. 

and aggravated by coughing. Tho patient also complained of dyspnea and slight 
hemoptyslB on sevoml occasions. 

Physical examination on admission rownlcd n well-dovelopofl and well-nourished whito- 

ambulatory and not acutely IlL Temperature was 08,0* F., pulse 100, and respiration 20. 
e right pupil was contracted and tho loft pupil dilated; pupillary reflexes were absenL. 
oro waa marked dental caries. Tlio chest was barrcl-ahaped; a doprcaslon was noted be- 
tho inferior angle of tho loft scapula over the sixth and seventh ribs i>osteriorly. The- 


’lepresslon 


was partially covered by tho scapula. There wna a palpable defect in tho cheat 


ponnlsjlon of ihe Chief jredlcal Director, Department of iledJcIno ond 
or Aumlnlstratlon. who assumes no responsibility for the opinions expresseil 

Af drawn by tlte author. 

At preaent assigned to Veterans Hospital, Excelsior Springs. Ho. 
for publication Feb. 0. 1W8. 
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arborization. Heiss’* tbeorj^ considers the stem bronchi as originating in the 
peripherj^ of the lung and by a process of continuous infolding as giiting rise 
to tile connecting and terminal structures of the lung parenchjina. Such 
peripheral development has occurred in the case described; it but remained 
for the large bronchi arising centrally to join these smaller elements to com¬ 
plete a normal broneliial architecture of the upper lobe. Indeed, it would ap¬ 
pear that here the mesenchymatous mass that Arey^ denoted as contributing the 
nonepithelial elements to a lung had by a process of metaplasia given rise to 
bronchial epitiielium. A more likelj' explanation is that the epithelium of the 
cyst and small bronchi arose from the bud of the left upper lobe bronchus, ivhich 
bud later was incorporated into the lower lobe. 

CONCLUSION 

A ease of ectopia bronchi of the left lung has been presented. Reference 
has been made to the prevailing theories of the development of the tracheo¬ 
bronchial tree and of the lungs, and the adequacy of these h's’potheses has been 
questioned, particularly when reviewed in an effort to explain the anomaly 
desci'ibed. If the knowledge of pulmonary embryology and the ability" to diag¬ 
nose lower respiratory tract anomalies is to keep abreast of recent advances m 
anatomy and surgery, detailed consideration must be given to a collection of 
many case repoiTs such as that herein presented. 
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inlratmchcnl ancjithwln nn incision mr»lc ovor (ho ^ownth rib ertcnJlng from t!io tmns- 
TCTse iirocCT5 poptcriorly lo tlio jm^torlor nxillniT.' line. The incision Avns citendotl (lo\7n 
throap;1t the mnwlo nnd fnj*cia until tlie pleum tvns readied. In portions the pleura wafl 
found directly lionentli tho skin. Tlio liornial me eonslpted of diverticular ontjioucUlnga of 
the pleum extending out over tlio posterior surfnec of the rilrt*. The fvic was disscctc/l free. 
Tho sixth rib was found to bo fractured In two places nnd the distal end of tho middle frag¬ 
ment nms embedded in tho jmlmonnr}* ttssuo undorlylug the fiftli rib- Tills wob freed and 
brought up into tho opemtivo field. Tlie i»cventh rib wns .similarly fractured with the frag¬ 
ment di8place<l down under the eighth rih. Tlda was likowit*e fiwJ and brought up into the 
operative Held. Tbo eighth rih luid Invn fractured hut hnd IicoIchI with only a modemte niuount 



cae*. r'ostoperatlvo cliest x-ray view tnkon Mny 20, 3017. The defect In the thoracic 

^ wn correclod. Periosteal now bone fomiatJon li noted. Thom Ib mal-allffnraent of 
^reialtJnfT from inaufCIcient ImmoblUanUon. Nnrrovdnp of the Intorepaces nnd 
mine or tho nleum In the left midportion nnd base nro obaorved. 


of deformity. Adhesions of tho lung to the hrminl eac were found and freed nnd the lung 
*0 retract into tho pleural cavity. Tlio bcmlnl sac was then removed and tbo edges of 
® pleura were approiltnate<l with No. 000 chromic catgut sutures. Tho ends of the seventh 
h ^re freshened. Holes wore bored into eocli end and a flno atalnlcss steel wire was used 
® approximate them. The sixth rib was similarly treated. Tliis brought tho ribs fairly well 
Q normal alignment. Tlio overlying muscles nnd fascia were then closed with Intorruptod 
catgut sutures. Tho skin was dosetl with Intcrmptod black silk suture*. Tho patient 
^®cBivod 600 C.C, of cltrnted blood and 1000 c.c, of glucose in saline during the operative 
procedure. 

. f*oifoperafirtf coarse.—Shortly after tho pnticnt’a return to his room- respiratory om-- 
^^^*s®eut was noted, necessitating wator-tmp suction to reduce exceealve pnonroothoax; 
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suction was discontinued after two hours. General supportive therapy was instituted aad peni¬ 
cillin was administered intramuscularly every three hours until Peh. 22, 1947. A moderately 
severe persistent cough associated with moderate mucopurulent sputum and left chest pains 
were noted postoperatively. X-ray examination of the chest on Peh. 4 showed some fluid in 
the left chest. Tliis increased in amount, necessitating the aspiration of 870 c.c. of sero- 
sanguineous fluid on Peb. 10, 350 c.c. on Peb. 13, and 50 c.c. on Peb. 26; 100,000 units of 
penicillin were instilled into the pleural cavity after eacli thoracentesis. The sutures were 
removed on Peb. 10 at which time the wound edges appeared sliglitly reddened and indurated. 
The patient was allowed up in a wheel chair on the same date and soon thereafter was ambula¬ 
tory. He developed a laryngitis on Peb. 20 which was treated with penicillia inhalations and 
responded slowly. The wound was well healed and when last seen in June, 1947, there was no 
evidence of recurrence of the lung hernia. The patient has vague chest and shoulder pains 
which seem to be greatly exaggerated. Re-check x-ray views on May 20, 1947, reveal some 
residual thickening of the pleura with narrowing of the interspaces on the left; at the site 
of the hernia repair there is some displacement of the rib fragments and evidence of 
periosteal new bone formation (Pig. 2). 


DISCUSSION 

The classification of lung hernias as detised by !Morel-Lavallee in 1849® and 
accepted by most autliors is as follows: 

I. According to location: 

A. Diapliragmatic 

B. Tlioracic 

C. Cervical 

II. According to etiology: 

A. Congenital 

B. Acquired 

1. Traumatic 

2. Consecutive 

3. Spontaneous 

4. Pathologic 

Korol,® Hartnng,® and othei's question the occurrence of diaphragmatic 
lung hernia. There has been only one ease reported in the literature. Beale 
in 1882 reported the case of a 22-year-old white man who was nhmed to the 
ground by'^ a cart wheel striking him in tlie right abdomen. There was no ex 
temal wound but autopsy revealed a defect in the right diaphragm throng 
which the lung had apparently herniated tvith strangulation and abscess forma 
tion. Korol® considered this case as one of prolapse rather than herniat^- 
Because of the pressure relationships, herniation of the lung through the 
phi-agm appeal’s unlilvely. . ^ 

Korol® included mediastinal hernia in the category of lung hernia. 
mediastinal lung hernia is a heimiation of the huig through the medias 
septum into the opposite hemithorax. Korol stated that it is the most 
form of limg hernia, although few cases are noted in the literatiu’e to 
this. It is said to occur frequently following modem collapse therapy ( 
Hartnng). The'herniation occurs either anteriorly in the space , 

sternum and the heart at the site of the atrophied thymus gland, or pos er 
heU'een the esophagus and aorta below the level of the trachea an ai i 
azyf^os veinr Mediastinal hernias'are brought on by emphysema o 
associated rvith contraction, atelectasis, or absence of the opposi e 
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may follow the abniidonmont of a long-contimicd pnouniolhorax. The pleural 
hernia of a tension pneumothorax is not to he confused with a mediastinal lung 
hernia. 

Ccrrical lung hernias occur through the superior aperture of the thorax 
between the stomocleidomastoid and sealcniis nnticus ninselcs and arc due to a 
tear or a deficiency of Sibson's fascia xvhicli noinmily limits tlio cciwical ex¬ 
cursion of tile apex of the lung. Up to 1938 there had liccn only twenty cases 
reported in the literature.'’ They are usually said to be congenital. 

Tho most common form of lung heniia is the thoracic or intercostal. Out of 
seventy-eight case rci>orts reviewed by IMontgomcry and IjUtx"’there wcie 
sixteen cervical hernias and sixty-two thoracic hcniias. Tliomcic hernias usually 
occur anteriorly near the sternum and posteriorly near tho vertebrae. This is 
said to be due in each case to a locus minoris rcsistcntiac in these areas, ana- 
toraieally due to tho fact that the external intercostal muscles extend forward 
only ns far ns tho costochondral junctions and the internal intercostal muscles 
extend posteriorly only to the angle of tho rib. Thoracic hernias arc said to 
be more frequent anteriorly due to the fact that the pcctomlis muscles cannot 
give as good support ns the trapezius, IntLssmus dorsi, and rhomboidcus muscles. 

Montgomery and Lutz, in their review of 165 cases found in the literature, 
reported an incidence of 29 (18 per cent) congenital or early acquired hernias, 
83 (50 per cent) traumatic, and 53 (32 per cent) spontaneons hernias. There 
has been some difficulty in determining whether a hernia is congenital or not. 
This is especially true when the hernia appears many montiis after birtli. 
Hochsinger" stated that all hernias ocenrring in tho first few weeks of life must 
be considered as congenital. Congenital lung hernias arc duo to several factors: 
(1) Weakness of .the anatomic struetnres about tho apex of the lung; (2) ar¬ 
rested growth of sthicturcs, that is, chest wall, sternal clefts; (3) intrauterine 
ahnorraalitics such ns pressure of an elbow against tho fetal chest, amniotie 
bands, and pressure from tumors. 

The great majority of acquired hernias arc traumatic. A traumatic lung 
hernia may develop at any time after injury. Those first appearing late after 
injury have been classified by Morol-Lavallcd ns consecutive licrnias. Host writers 
‘‘Sreo that this subdivision is superfluous and raorely group all such eases as 
traumatic hernias. Traumatic hernias may develop follomng operative wound, 
penetrating or bullet woimd, or crushing injuries. Lung hernias are only infre¬ 
quently noted following chest surgery. Careful subperiosteal resection of tho 
ribs in thoracoplasty and other chest surgery' probably accounts for the rarity 
of this complication. 

Spontaneous lung hernias ore tho result of two factors, namely, a locus 
nunons rcsistentiae (that is, an area of local decreased resistance in the bound¬ 
aries of the chest caydty) and an abnormal increase in tho air pressure in tho 
^veoli of the lungs. The abnormal increase in the intrathoracic pressure may be 
no to various factors. Paroxysmal congliing, wliicli may lie due to a variety 
of conditions such as chronic bronchitis, bronchiectasis, whooping cough, pul¬ 
monary abscess, and foreign bodies of tlie lung, is an important etiologie factor. 
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Occupations, such as glass hlowung and playing of -wind instruments, have been 
found etiologicallj^ responsible for a number of eases. Violent muscular exertion, 
such as heavy weight lifting or childbirth, is a third factor in the occiuTence 
of kuig hernias. 


Pathologic lung hernias result fi‘om a variety of diseases of the chest vail 
which produce a locus minoris resistentiae. Abscess of the chest wall and breast, 
perforating lung abscess or empyema necessitatis, and malignancies have all been 
responsible for the occurrence of pathologic lung hernias. 

According to Montgomeiy and Lutz, lung hernias are three times more he- 
quent in males. Other authors report an even gi'eater incidence in males. 

The sjTnptoms of lung hernias are varied. Goodman^ listed three cardinal, 
symptoms as follows: bulge, cough, and pain at the site of the bulge. The onset 
is usually insidious accompanied by pain and cough. The cough is chronic, 
spasmodic, and may or may not be productive depending on the underlying 
pathology^ Early, the traumatic hernias are usually obscured by the more se¬ 
vere signs and symptoms of injury. The hernia may rarely become incarcerated 
or strangulated producing inflammatory changes. 

On physical examination there is noted a bulging mass which increases on 
forced inspiration. A defect in the chest wall is usually readily demonstrable. 
VTien the hernia is protuded, the soft spongy crepitant consistency of the lung 
may be noted. A scar may or may not be present depending on the etiology'. 

X-ray and fluoroscopy' may' be of assistance in demonstrating the defect of 
the chest wall and an area of increased translucency may' be noted outside.the 


normal pulmonary' boundaries. In mediastinal hemias there may be an asym¬ 
metry' of the chest and on x-ray' examination a large hy'per-aerated lung is seen 
to extend into the opposite side in one or two bulgings having definite ,conv^ 
outer border's. The upper bulge is anteriorly' between the first and fouith n 
and the lower bulge is posteriorly' betrveen the fiftli rib and diaphragm. ^ 
trachea and esophagus are displaced to the contracted side. 

The diagnosis of lung hernia is not difficult if the condition is kept in 
The physical findings are readily apparent. The differential diagnosis 
be made from subcutaneous emphysema, perforating empyema, aneurysm o 
intercostal vessels or- aorta, fibroma, lipoma, and hemangioma. Mediastina 
hernias must be differentiated from the pleural hernia of a tension pneuino o 
in which there is no lung herniation present. 

Complications are rare. Strangulation and gangrene of the lung may 
Hemopty'sis is not infrequent. The prognosis of lung hernia is good; it is ra 
fatal, but rarely' heals spontaneously'. - .. 

The treatment of lung heniias is either medical or surgical. 
ment is ip the main palliative consisting of rest, change of occupation, an 
compression with pads and elastic devices. With palliative treatmen 
in the chest waU may become increasingly' rigid, but the hernia, ^ 
smaller, w'iU stiU persist; an increase in intrathoracic pressure vn ^ 

turn and increase in the size of the protusion. Surgery is contrain 
number of eases due to the underlydng pulmonary pathology' an g 
dition of the patient. 
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Surgcn- olTcrx tlie only hope for ti pcrinniicnt ciii-c. Vnrioiis operative pro¬ 
cedures have l)ccn devised. Vogler' in 189S performcel u pln.stie oiicrntioii using 
periosteum or bone (Inp from the sternum. A^ulpiiis* in 3S98 [miformod n plas¬ 
tic operation in which he ero.ssed strijis of ribs which were suturwl in ])hicc with 
silver wires; this hernia recurred in one year. Tufllcr'' in 1891 reported a cure 
by freeing and ligature of the hernial sae. tlriduim' in 1922 treated a spon¬ 
taneous cervical hernia ns.sociated with an adenoma of the thyroid by e.xeision 
of the adcnomatoiLs thyroid and ])aeking of the wound with iodofonn gauze. 
The packing was removed on the fifth po.sto|M;rative day and tlie wound healed 
without recurrence of the hernia. Jlontgomerv’ and 1/Utz” in 1929 re|)ortcd a 
case of traumnlic intercostal hernia cured by an osteoplastic procerlure. 

fioodmun’ in 1933 treated a traunialic conseeutivc intercostal hernia in a 
42-ycnr-old .seaman by jicriostcal plastic closure. The redundant idcura was 
resected and closed with continuous catgut suture following which the |>eriasteum 
of the rib alxtve the defect was reflected downward, the ])criostcum of the rib 
below the defect was rnflected upward, and Imth were sutuied over the defect 
with chromic catgttt. 

Winkcl” in 1933 imported a cure in a traumatic intercostal hcniia by n 
repair consisting of weaving of fascia lata .stri|)s ncro.ss the defect. 

Bepair of the defect with tantalum plate has been attempted by Paulson* 
hut has boon found unsatisfactory because of difliculty of immobilization of tho 
chest wall. 

These have in tho main been individual ease report,s. Maurer and Blades* 
laivo undoubtedly had the largest individual experience with the surgical troat- 
niont of lung hernias in recent times. In 1940 they leportcd .seven eases of tran- 
•natic intercostal lung hentias, four patients of whom submitted to surgeiy eon- 
sisfiiig of closure by periosteal flaps. In addition, they reported four eases of 
henuation of tho liver and peritoneum through the lower thoracic cage which 
were repaired in a similar manner. Rcsidts have l)ccn excellent. Jlaurcr and 
Blades believe that any defect of the chest wall i-ognislless of size can usually bo 
repaired by plastic proccduras utilizing only stnictui'es which are a part of the 
chest wall, namely the rib, periosteum, and masclc. The most imiiortant feature 
u closure of tho defect with sturdy bone or ircriosteum which will ])i-odnce Irene. 
The freeing of adhesions and of the lung alrout the margins of the defect u-ith 
the creation of a local pneumothorax is important in the production of u cushion 
between the lung and the freshly rcimired chest wall. This serves to reduce to a 
JS'nimum the possibility of tho lung being forced into the chest wall by cough- 
'"8 and straining during tho immediate postoperative course. 

SUilMABV 

A review of tho available literature concerning lung hernias has been pre¬ 

sented. 

ttuc lung hernia is a pratusion of the lung and its pleural membranes 
tough an abnormal opening in the thoracic cnclo.suro. Its classiflention, 
etiology, symptoms, and treatment have been reviewed. The diagnosis is not 
fflcult provided the condition is kept in mind. 
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The acute experiment was performed under sodium pentotiial-socliim 
barbital anesthesia (sodium pentothal 20 mg. per kg., sodium barbital 150 mj'. 
kg.). A rubber catheter was passed through the external jugular vein into the 
right veutriele uuder fluoroscopic guidance. At the time the dog was under the 
fluoroscope the state of the heart and lungs was noted. In no animal was 
there an accumulation of pleural fluid. Residual pneumothorax ivas minimal. 

Right intraventricular pressure was measured through the intracardiac 
catheter by a water manometer; mean systemic blood pressure was measured 
from a cannula in a femoral artery. Cardiac output w'as estimated by the direct 
Fick principle, mixed venous blood being withdrawn from the catheter in the 
right ventricle and arterial hlood being taken from the uiicanniilated femoral 
artery by needle puncture. Blood oxygen content was determined in duplicate 
by the method of Van Slyke and Neill. Oxygen consiunption was measured 
continuously with a modified Roth-Benedict spirometer. An endotracheal 
catheter attached directly to the spirometer eliminated the necessity for ti’ache- 
otomy. Leakage of air around the catheter was prevented by inflating a tlim 
rubber cuff fitted to the outside of the catheter. This method made it possible 
to record any changes in tidal air and rate of respiration as well as oxygen 
consumption. 

Records were made until the dog tvas in a steady state, usually oue to two 
hours after the anesthesia had been given. Simultaneous arterial and right 
ventricular hlood samples were then collected for estimation of the cardiac out¬ 
put. The ligature about the lung root was tightened bj’’ pulling on the en 
protniding through the chest wall. Occlusion xvas complete in 4 to 8 seconds. 
During this period continuous I'ecordings w'ere made of oxygen consumption, 
tidal volume, right intraventricular pressure, systemic blood pressure, an 
Lead II of the electrocardiogram. Withui 5 minutes of ligation samples of bloo 
were again drawn for the second cardiac output determination. The recordings 
were continued one to two hours or until the animal died. 

A total of twenty dogs were studied. Autopsies Avere done in all cases 
The condition of the lungs, the effectiveness of the ligature about the Imig lo® ’ 
and the state of the heart were obserAmd. In all instances the ligature effective y 
occluded the bronchus and accompanjdng blood A^essels. 


RESULTS 

The sudden ligation of one lung root caused an immediate rise in ri^ ^ 
intraA^entrieular pressure of from 20 to 129 mm. of Avater (averap 
lasting 3 to 60 minutes (average 25 minutes). There Avas a 
of the heart for 4 to 5 beats but no other change in the electroear 
Systemic blood pressure showed a transient fall of 10 to 15 mm. Hg : 

time the ligature around the lung root was being tightened but rose a^a 
the preligation level and remained steady (Fig. 1). ■ i i o-root 

In eight dogs the changes in cardiac output after ligation, of ^ 
were no more than ± 200 c.c. per minute (from ± 5 to 17 per cent o 
value), and these were considered insignificant variations. (Sigm 
based upon both the limits of accuracy of the method for deteimin 
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oxygon content of tlio bloo<l snniples nml dinngcs in output wliicli nijglit rcnson- 
ably be expected to occur over ii teii-iiiiiiute period under bnrbitiirnte imcstbe- 
sia.*'’“) Tu tlirce dog*; tbcrc wore ineroiisos in enrdine output of -tOO c.c., 800 
C.C., nnd 1,900 c.c. per luimitc (' 25 per cent. 02 per cent, mid GO per cent). In 
six instnuces tiie output dccrcnsed 000 e.c. to 700 c.c. per niimite (18 to 45 per 
cent), nnd in two the outjmt.s fell 1.600 e.c. nnd 1,900 e.c. ]ior niiuufc, decren.'ies 
of 59 ]ier cent and GS per cent. 

mmHjp 15a 

■'-- 

SO 



D 




t 




brnti i i ii i iiiiii i i ii i ii i i ui i iiiiii i i i u i i i p i n jiiiiiiii ui i iii iiiiii nu iii i iiii p i 


tH«ii of lipntlon of rlpht lunH root (Dop 16) nt nrrow. A, Hlpht Intravon- 

n^p!^ Pfe»Miro: n. Ihim line ni Ifvcl of richt ntrlum : C, r^fplratlon nnU orj’pfn uw; />, mean 
bicKHi prcMuro (feniomi nrton.-) : E. Imuo line for blood prcj^fmrc, 4 Moond Inton-’nla, 


Tlie oxygen consuiupliou before mid after ligntiou remidued os.scntinlly 
the same. In twelve dogs tbc ininiilc volume of rcsiiirntion did not cbmige 
significantly; in four of tbe.se neither the tidal air nor the rate of reapimtion 
changed, nnd in eight an increase in rate of respirntion was ])roportionnl to a 
dccrcaso in tidal air. (Significance wa.s based on tbc fact that, with the s])ironi- 
cter used, tidal air could bo estimated xvitliin 10 o.c. A change in minute 
Yolnme of less tlmn ton times the rate of re.spimtion was considered insignifl- 
^®t.) The minute volume decreased .900 to 800 e.c. (19 to 25 per cent) in 
o'lr dogs; in tlirce of tbe.se tins xvas due to a decrease in tidal air witbout a 
wmpletely compcnsator 3 ' increase in rate, and in one exceptional case in which 
’^irntiou became suddenly slower and deeper the decrease in rate .(41 per 
'^it) was greater tlian the incren.se in tidal air (37 per cent). The minute 
yolnme increnacd 1,000 to 1,100 c.c. (30 to 44 per cent) after ligation in four 
Instances due to a very large iuerenac in rate of respiration (25 to 69 jier 
'^f) out of proportion to any change in tidal air. 

•In the twelve dogs with no significant change in ovc'r-all minute volume there 
no significant change in the efficiency of respirntion as measured by the 
■'■fnlilation equivalent. (A''entilntion equivalent - liters of air necessarj' to be 
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ventHated for the absorption of 100 c.c. of oxj-gen.®) With an increase in 
minute volume, the efficiency decreased (ventilation equivalent increased); 
with a decrease in minute volume efficiency of oxygen absorption increased 
(ventilation equivalent decreased). 


Table I. Cakdiovascular Ponction Before (A) akd After (B) Pneumonectomy 
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70 
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20.0 
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59 

60 Fell 



18 

EL 

1.5 

1.9 

+26 

10.0 

12.0 
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150 

40 
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2.2 

1.7 

-23 

15.7 

14.2 

140 

120 

40 

7 SI. 
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atrium 

20 

EL 

1.2 

1.3 

+ 8 

7.0 

8.7 

170 

1.50 

20 

3 No 

change 


__ - 


At the end of the acute experiment eighteen of the twenty dogs had ap¬ 
parently compensated for the functional removal of one lung. The blood pres¬ 
sure had been maintained and thez'e was no respiratory difficulty. Two failed 
to compensate. One of these showed a decrease in cardiac output from 2.8 to 
0.9 liters per minute, the stroke Amlume falling from 16.5 to 5.3 c.c. Systemic 
blood pressui’e fell immediately from 72 mm. Hg to 54 mm. Hg, rose to 86 mm. 
and then fell gradually until death occurred at the end of one hour. At autopsy 
the heart was found to be dilated and the right heart and pulmonary artery filled 
with tlie round worms Dirofilaria wmiitis. On section the blood vessels in ^6 
lung were also found to be full of microfilariae of D. immitis. The cardiac 
output of the second dog fell from 3.0 to 1.4 liters per minute, the sj'stemic 
blood pressure decreased gradually from 130 to 64 mm. Hg, and Traube-Hering 
waves appeared. After two hours the animal appeared unlikely to recover 
and was sacrificed. At autopsy the heart and lungs were grossly normal. 

DISCUSSION 

The conditions under which the experiment was carried out were admitt^ly 
not entirely normal. Barbiturate anesthesia is known to decrease the ear i 
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output of an auiuial.®’ According to Shore and associates® the decrease in 
cardiac output Avith anesthesia is neither eonstant nor predictable. Over. 20 
to 30 minute periods they cite decreases of from 10 to 30 per cent, and, on the 
other hand, over some 90 minute periods they have found decreases of only 
6 to 7 per cent. lu our studies the two estimations of ckrdiac output -were 
made not more than 10 minutes apart, and at least 60 minutes after induction, 
hence, since the animal was in a steady state with regard to blood pressure 
and oxygen consumption when the ligature was tightened, it may he assumed 
that any change in cardiac output more than 10 per cent in the period im¬ 
mediately following could he attributed to the manipulation. 

The experiments were done with the chest closed to enable a continuous 
recording of both oxv’gen consumption and the details of pulmonary^ ventila¬ 
tion. The dog was breathing against a deftuite resistance at-all times, but this 
resistance was constant, and relative ehanges in the character of respiration 
were readily^ seen. 


Since we found the right pulmonary aiderj’' to be slightly larger in diam¬ 
eter than the left, the right side was used after the first few experiments as 
the side which might he expected to give the greater changes. 

Compensatory'- circulatory and respiratory mechanisms were srrfficient m 
all but two dogs to maintain the systemic blood pressure and the oxygen con¬ 
sumption virtually unchanged. This speaks for the large reserves of the 
vascular bed and air’ways of one lung which can immediately take over the 
functions of two. 

The outstanding change in the cardiovascular synstem, which occurred m 
all but one irrstauce, was an increase in right intraventricular pressure, ^ 
rise was relatively slow in dev'elopment, taldng from 2 to 10 minutes to rea 
its peak, remaining orr a plateau for 10 to 15 minutes, and gradually falling o 
the preligation level in 25 to 30 minutes. It was not correlated with cbanoCS 
in cardiac output, stroke volume, or systemic blood pressure. One might ex 
pect that the sudden removal of a large part of the imhnonaiy capillart 
would result in gi’eatly increased resistance in the pulmonary circuit. ^ 
turn of the ventricular pressure to its former level suggests that 
A'aseular channels were opened, or that existing vessels increased in size un 
the increased pressure. This opening of a reserve A'aseular bed has been po 
lated prCA'iously by TigerstedO^ and by' Wiggers.’® • 

The cardiac output following compression of the puhnonaiy 
been of interest to many observers. In 1907 Tigerstedt,^^ measurmg 
output of the left heart Avith a stromuhr, found that it was only slig ^ 
creased by'- ligation of the left pulmonaiy artery'. Haggart and Wa 
nine experiments on eats, also fotmd only' a slight decrease in 
with compression of the left pidmonaiy artery. Fineberg and Wiggei’s 
decreases in left A'entricular output with compressions of the pulmonary 
exceeding 41 to 72 per cent (average 58 per cent). . 

In the present studies there was no change in cardiac 
experiments. In three the output increased. In eight there, was a sign 
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decrease iu cardiac output folloAviiift lipntion o£ a luup root. Witli a decrease 
in cardiac output up to 45 per cent, coinpensatorj' lueclianisins Mere adeiiunte 
to prevent n clianpe in Byateinic blood pres.sure. In the two cases in which the 
cardiac output fell 53 and G8 per cent the arterial blood pressure fell steadily 
over the remainder of Uio c.vpcrimcntnl period. 

The clianpea in cardiac output, when they occurred, apiiearcd to depend 
largely on changes iu stroke volume. Although the lieart rate was usually some¬ 
what altered by ligation oC the lung root (averngo change ])lus or minus 19 bents 
per minute), the direction of ehnngc was unprcdietahle and the maguitudo not 
sufllcient in itself to effect a significant inereasc or decrease in cardiac output 
if not associated with a similar change in stroke volume. Out of a total of 
fifteen dogs, eight showcil changes iu stroke and pulse opposite in direction; five 
resulted in significant changes in output in the direction of the change in stroke 
volume. Two dogs maintnincil a constant heart rate hut variations in stroke 
volume were Rufficient to bring about sipiificant alterations in cardiac output. 
In three iu.stanees in which there was a significant decrease in cardiac output, 
changes in stroke volume and hejirt rate were parallel. 

With ligation of one lung root a certain volume of blood is trapped in the 
lung. What part this plays iu the reductions of cardiac output iu these experi- 
raenta is not known. 

There was a transient dro]) in systemic blood pressure wliich ocenrred ns 
the ligature wa.s being pulled tight. Parin’* has described a fall in sj-stcmic 
blood pressure whieh he believes due to a rcHe.v mediated through the vagus 


nerve from pressoreceptors in the imlmonary artery. The prcs-surcs used by 
Pnrin eiperimeiitally were 40 mm. of Hg or above. In the present studies the 
pressures in tlie right ventricle, and therefore in the pulmonary arter 3 ', did not 
approach 40 imn. of Ilg. Furthermore, the transient fall in blood pressure did 
not coincide with the rise in right intraventricular pressure but preceded it. 
Tile transient blood pressure drop did coincide with a brief slowing of the heart, 
and was probably caused by vagal stimulation set up by tugging on the Inng 
noot. Vagal arrest never occurred. 

The adjustment of the rcsplraforj’ system to tlie sudden removal of one 
functioning lung was complete in that oxj'geu continued to bo absorbed at a 


constant rate. It is obvious, then, that the remaining lung began immediately 
to absorb as much as double the oxygen it had absorbed prior to ligation. 

The changes in ventilation of tho remaining lung were unpredictable. 
Thooreticallj-, oxj-gen consumption could be increased b,v either increasing the 
minute volume of respiration or the cfficiencj' of oxygen absorption or both; 

In over one-half the dogs the recorded minute volume did not change, which 
means, in actual fact, that in these cases the minute volume of tho one remain¬ 
ing lung approxiraatelj- doubled. Two factors determine minute volume: rate 
° respiration and tidal air. Over-all minute volume was maintained unchanged' 
Cl her by a large increase in tidal air of tlie remaining lung or by a smaller in-, 
crease in tidal air together with an increase in respiratorj' rate. ‘ : > '' ' 

In other dogs there was altered effleiencj' of oxygeu.absorption, as w'' ' 

J the ventilation equivalent, due to changes in tho .minute volume of 
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tion and no real change in ox3"gen nse. Since the ventilation equivalent is a 
ratio between the minute volume and the oxygen uptake, it varies as these two 
factors vary. The rate and depth of respiration are controlled by complex 
nervous and chemical mechanisms. Oxygen absorption in the lungs, on the other 
hand, is a physical process depending upon such conditions as the permeahiUty 
of the alveolar and capillary membranes, the area of the absorbing surfaces, 
the time of exposure of the blood to the alveolar air, the total volume of blood 
exposed to the alveolar air in au}’- period of time, and the difference in partial 
pressure of the ox^’^gen of the alveolar air and the blood of the pulmonary ar¬ 
tery. Minute volume and oxygen consmnption may vary independently, and 
the ventilation equivalent may be affected by alterations in either. For example, 
in Dog 18 the ventilation equivalent before ligation was 3.9, for 30 seconds 
after ligation the tidal air was very small and the rate of respiration slow, hut 
oxygen use was not reduced proportionally to minute volume. The ventila¬ 
tion equivjileut at this time was 1.8. Respiration gi’aduaUy became deeper and 
faster; oxygen consumption returned to the preligation level and the ventilation 
equivalent became 2.9. These changes in ventilation equivalent denoting al¬ 
tered efficiency of oxygen absorption per liter of ventilated air depend upon 
reduction of minute volume of respiration rather than changes in oxygen uptake 
following ligation. Oxygen absorption was but little affected by the operative 
manipulation, whereas respiratory movements were momentarily inhibited, pre¬ 
sumably through neiwous reflex mechanisms. 

Since the ventilation equivalent which relates the two factors of mmute 
volume and oxj’-gen uptake is not a constant, it does not appear to be a neces¬ 
sarily reliable index of respiratoiy function, at least when conditions are basal. 
There is, of course, a limit to the capacity of a lung to absorb oxygen. This 
limit ma}’’ be reached more quickly in lungs witli diseased alveolar membranes 
or greatly decreased alveolar surfaces. To approach such a limit would mean 
increasing the oxygen demand until the lowast possible ventilation equivalen 
had been attained. Under such conditions of stress the ventilation equivalent 
might prove to be a better criterion of cardiorespiratory function. 

These studies do not indicate to how much additional stress, such as exer 
cise or an increased blood volume, an animal could adjust after pneumonectomy. 
Longacre and associates^®’ found some indication of the loss of cardiorespua 
tory reserve after pnenmonectomy in chronic experiments measuring 
of dogs to exercise, using pulse, respiratory rate, body temperature rise, 
arterial oxygen saturation as criteria of function. _ ^ 

Ligation of one lung root does put increased stress on the right ven 
Right intraventricular pressure increased in all but one of the cases me 
Fineberg and Wiggers® have found that the right ventricle, like the le 
, to meet increased peripheral resistance by an increased force of con 
but tliat the range of compensation is extremely narrow. Almost a o 
dogs were able to adjust to the added stress put on the right ventric 
though 40 per cent showed an immediate reduction in cardiac output, sys^ 
blood pressure was maintained. What happened to the cardiac outpu 
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succeeding liours ^v^s not dctenninecl. Tying ofT tlic right l)rnncli of tlie pul- 
inonarj' artery is equivalent to occlusion of at least 50 per cent of the pul¬ 
monary' artery. Fineborg and Wiggers found one dog in their series whieli was 
unable to maintain right ventricular otitput unchanged when 41 per cent of tlio 
pnlmonary artery was oeeludcd. Ono dog in our scries with apparently nor¬ 
mal heart and lungs was unable to maintaiu the .systemic blood pressure after 
sudden pnenmonectomy. 

IVith the pulmonary vascular bed cut in half, it might be c-xpccled that the 
pi^urc in the pulmonary eiivuit would be inercased more readily. Gibbon, 
Gibbon and ICraid” showed that in eats when the right middle and lower lobes 
and all of tlic loft lower lolrcs were rcmovetl a blood transfusion of 1,5 e.e. per kg. 
caused death due to pulmonary edema in four out of nine animals. A similar 
type of study before and after pneumonectomy might prove enlightening. 

In conclusion, the majority of dogs in this series were able to make physi¬ 
ologic adjnstments to the functional loss of one lung; two dogs, ono with heart 
disease and one with apparently nonnal heart and lungs, were not. No at¬ 
tempts were made to mcaauro the cardiorespiratory reserves after such a 
procedure. 

aUMJlARV 

1. The details of cardiovascular and respiratory adjustment to functional 
pneumonectomy were studied in twenty dogs with closed chests. Pnenmoneotory 
was aoeomplislKKl under barbiturate aneStbcsia by the sudden ligation of one 
entire lung root. 

2. Tile immediate response of the cardiovascular system was a rise in right 
intraventricular pressure, and, in 40 per cent of the dogs, a decrease in cardiac 
output. Systemic blood presstirc was usually maintained. 

•7. Oxygen consumption before and after ligation was essentially unehauged. 

4. The changes in pulmonarj- ventilation were unpredietable and consisted 
of inereases in tidal air of the remaining lung, increases in rate of respiration, 
and altered cfnciency of oxj-gen absorption. 

5. Two dogs were unable to compensate for this functional pneumonectomy. 
One showed cardiac disease, and one had apparently normal heart and Inngs. 
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THE SEGJIENTAE ^VNI) LOHL’IiAR IMIYSIOEOnY AND PATHOLOfa" 
OK THE LKNO 

Edward I). Ciiurciiidd, M.D. 

Bo.'jton', JlAas. 

T he introduction of tlic concept of scpnicnlnl resection of the lunj; opened 
whnt WRs referred to nl that time ns nn \mwrittcn clm))tcr in Burgicjil niint- 
omy. This chnpter is now quite coinplctc, niul Rrntitude is expressed to Brock, 
Blades, Hul>cr, Boyden, Seanncll, and otiicrs for their pnin.staking contributions 
to descriptive anatomy. Jlasterj’ of tiio three dimensional intricnelcs of the 
interlacing bronchi and blood vessels is now nn essential stop toward the attain¬ 
ment of the precision roquircsl in i>rescnt-<lny liulmonniy surgerj' Attention is 
now directed to another chapter that awaits development—the segmental and 
lobular physiology and pathologr- of the lung. Some of the material is available 
and a film structural basis baa liccn provided by William Snow Jliller, but the 
parts remain insufllciently related and ineompletc. AVhile the concepts that nro 
certain to emerge may not guide our dissections, they tvill provide us with 
methods that arc based on a more complete lUidcrstnnding of the organ with 
which We work. 

Tribute Ls paid immediately to the brilliant contribution of A^an Allen and 
Eindskog on collateral ventilation and tho aerodynamics of bronchial olrstmction 
presented to this Association many ycara ago. I shall return to this Inter on, 
but wish to comment now on tlic fact that this dLscovcrj- was made by surgeons. 
Physiologists have liccn slow to accept the results of the easily rapeated cxpeii- 
ments and the significance of tho mechanism has never received the attention it 
deserves. Possibly one reason Ls that physiologists are in the habit of dealing 
with the two lungs as a single organ. It lias boon their custom to select tho 
trachea ns the site to introduce resistance to the entrance and exit of air when 
experiments nro designed to study the aerodynamics of respiration. Similarly 
tho analysis of pulmonary edema has liecn approached through the mimicry of 
ra^i^ failure with abnormal conditions imposed upon tho pulmonary circulation 

A«o<a.Oon for 
27D 
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as a Avliole, or through the inhalation of irritant gases that are dispei-sed through¬ 
out the entire respiratorj’- tract. 

The bronchopuhnonarj’- segment with its component lohules is a phj^ologic 
unit of the lung just as the segment is a surgical unit of the lung and has become 
a unit of roentgenologic diagnosis. At the level of the segment or the lobule, 
obstruction to the outflow of air produced b}’- disease or by neuromusciflar action 
can produce volume and tension changes within a limited lung area at the 
expense of volume alterations in adjacent areas. The potentialities of tliis' 
mechanism are lost sight of when all lobules and segments are sul)jected to 
identical conditions, which is the ease when obstruction or resistance is imposed 
at the level of the trachea. The discovery of collateral air drift by Van Men 
and Lindskog brought emphasis to this important difference. 

The increased tension of the air ivithin alveoli that is produced by partial 
occlusion of the bronchus to an entire lobe is referred to clinically as olistractive 
emphysema. The mechanism of its production by partial occlusion of the huiien 
and a widening of the air passages on inspiration and a narrowing on expiration 
is understood. The basic condition is obstniction to the outflow of air. Similarly, 
the acute lobar collapse caused by complete bronchial obstruction and absoiption 
of the alveolar air is recognized experimentally and clinically. Both the collapse 
and tlie obstimctive emphysema that might be expected to occur by the same 
mechanisms acting witliin the bronchopulmonaiy segment are subject to the 
special conditions imposed by collateral air drift and also by the secretory 
activity of the bronchial mucous membrane. These ivill be discussed. I shall, 
^ however, begin vith the single lobule or a cluster of adjacent lobules and con¬ 
sider the significance of increased tension of the air Yathin the alveoli and a 
possible relationship to the onset of pulmonaiy edema. 

The several factors that control the passage of exudates and ti’ansudates 
across the wall of the capillaiy need not be enimierated. They are itemized m 
a diagram by Drinker (Fig. 1). Attention vdll be confined to the physical force 
studied by Landis and Gibbon^ that assists in the control of filtration edema m 
the extremities, increasing tissue pressure. These authora measured the effects 
of the pressure that is built up by an increasing volume of fluid in the tissue 
spaces as the elasticity of separated tissue elements is encountered. This pre^urc 
opposes the filtration pressure within the capillarj^ and slowly hxungs tlie leu '*>^6 
from capUlaries to a halt. When one attempts to visualize the possibiliL o 
such a force acting in pulmonaiy tissue it is apparent that the unique stimetiue 
of the lung creates a set of conditions different from those that exist m e 
tissues of the extremities. The lung tissue may undergo alterations in vo urae 
without creating pressure changes of any considerable magnitude. Tissue pres 
sure built up by fluid escaping from the capfllaries is a control measure 
could be effective in the lung only when carried to the extreme of lobar c^^ 
solidation, at which point the effect of the limiting membrane of the 
pleura might be felt. In any event, the control force studied by Lan s ai^^^ 
Gibbon would be intolerable in the respiratoiy organs, for leakage fioni p^^ 
monary capillaries into alveolar spaces is immediately destiuctive to the prim 
function of the lung. 
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In the lung the eqnivnlcnt oC mounting tissue pressure from fluid mny bo 
found in incrensctl tonsion of the nlveolnr nir. As long ns the incrensed tension 
is eonflned to n lobule or segment, this portion of lung enn distend through 
cncroaclimont on ndjneent lung without npprecinblo respiratory ombnrmssment. 
Wore the mechniiLsm nctirated in nil portions of the lung simultnneously, n crisis 
of Inhered bi-enthing, nnoxin, and, nt times, denlh would ho expected, ns is the 
actual fact in bronchial nsthmn. 



I,, of oontmstlng fundnniontnl pbyBlolopic rolat!onii between blood 

H find Uhhuos. On tliu loft n mprcwntatlon of typiml relation! In the akin: on the 

tT*’r^ reliction* in the lunga, (From Drinker; Pulmonar>- Edema and Inflammation, Haia'ard 
univeraity Preiw.) 

To postulate this happening in a portion of lung threatened by edema 
requires an explanation for the occurrence of obstruction to the outflow of air 
from a single ni-ea. This is knomi to occur locally iu tension cj’sts and carities, 
but in such instances is usually traced to a valve-like fold of mucous membrane 
or ether “ball-valve” mechanism inherent in the pathologic lesion. In normal 
lung this action could aiiso from local reflex activation of the neuromuscular 
apparatus of the bronchi, for the vegetative neuromuscular apparatus of the 
hunum lung appears concentrated in the bronchial tree. It is true that the 
pulmonary arteries are possessed of smooth mn.sclo but the weight of present 
evidence indicates that the lo.sser circulation is rcgiflatcd in a passive manner 
except perhaps under certain emorgencj' situations. The elaborate neuromus¬ 
cular structure that surrounds the air passages has been described in detail 
(Fig. 2). The constant and vigorous activity of this apparatus has been ex- 
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pressed by Macklin^ in the concept of the dynamic bronchus’ Far from being 
rigid tubes, the bronchi undergo inspiratory dilatation with lengthening and 
expiratory construction mth shortening. The -walls of the alveoli do httle or 
no stretching and the factor of safety of their elastic tissue is said to be slight. 

The bronchial musculature is projected along the bronchiole and respirator}- 
bronchiole to form sphincters about the openings into the atria. Sphincters are 
also formed about the openings into the alveoli that arise directly from the 



Fig. 2.—^Arrangement of smootli muscle bands and elastic abers. (From Miller. The 

Charles C Thomas, Publisher.) 

respiratoiy bronchiole. Trapping of air in the alveoli by obstruction to its out 
tlo-w may well result from the sphineteric action of the bronchiolar niuscu 
The increased tension of the trapped air is dependent upon cough or expira o 
grunting. Cough is kno-wn to have a twofold elfect: The forcing 
alveoli by the increased pressru-e built up nithin the air passages, as we as 
expulsion of mucus from the upper portions of the tracheobi-onchial 
that comes on release of the lai-}-ngeal sphincter. Fluoroscopists are I'j. 

familiar "with the increased radiance of the apical segments when t ey 
up” -with cough; also "with the dispersion of lipiodol from bronchi in o a 
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with cough. The irritntive iionprodiiclive cough that iittcnd.s tlie orusot of pneu- 
monin or itslicrs in n pnro.xysm of imthmn thus jirovidcs n protective inensure 
tlint huilds up nir tension in alveoli to Rupport tlic cn]iillary walls by extenial 
pressure. 

Tlio sequence of events may lie iiictured somewhat as follows (Fig. 3) : 
(1) inspiratory widening of the lonnlnal bronehiolcs; (2) early in cx])iration the 
quick closure of the laryngeal sphinetcr with elevation of endobroneliial nir 
tension liy tlio nnusculnr effort of a rough or gmnt; (3) tnipping of nir in lobules 
under increased tension; (4) slow reduction in the tension by collateinl nir 
drift through the pores so that on the next cough the lobule receives n bln.st of 
fresh nir with renewed oxygen supiily. 



LARYNX 

CLOSED 




LARYNX 

OPEN 



VnnKTam reproBentlns meclmnliim to ostabllHh and nuvlntnin Intra-alveolar air prwuun: 
eupportlnpr cnplllao' 'vftll In n wogment or BuLwignicnt of lung. 


Surgeons of World War II, fnecd by localized pubnonnrj' edema resulting 
from the direct trauma of a chest wound, fotuid that the effective course of man¬ 
agement lay in clearing the upper respirntorj^ passages, controlling pain by 
intercostal nerve block, and aspimting pleural blood and air that might bo 
limiting lung expansion. The cough reflex was not suppressed by morphia nor 
was tlio cheat wall motion restricted by tight strapping. By these measures the 
"■et massive collapse of the lung seen in World War I was practically unknown. 
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The use of a gaseous medium under tension as an extrinsic means of apply¬ 
ing increased pi’essure to support the capillaiy wall provides the theoretical 
basis for administering oxj'gen under pressure in the treatment of irritant gas 
poisoning and other forms of geneinlized pulmonary edema as recommended by 
Barach. The intrinsic mechanism was forecast by Keith in 1909^ and also by 
Bliller/ who stated that, “the action of the broncliial musculature in expiration 
is not passive, but active, and its action in regulating the tensions vithiii air 
sacs deseiwes more attention than physiologists have given to it.” Surgeons 
who work dailj^ vdth the human lung are well aware of the seeming vagaries of 
lobular and segmental inflation and deflation. Local reflex changes in circulation 
that are commonly observed in the abdominal viscera as a result of manipulation 
and exposure are not discernible in the liuig. It is possible that the common¬ 
place local changes in ventilation may have a similar origin and significance. 
Again, the experienced thoracic surgeon holds great concern for the immediate 
restoration of the cough reflex after it has been temporarily^ suspended by anes¬ 
thesia. This is usually rationalized on the basis of clearing the major air pas¬ 
sages. Perhaps it is equally^ uuportant in the protection of traumatized lobules 
from the hazards of posttraumatic edema. 

The level of action for these mechanisms that integrate ventilation and 


alveolar air tension, and that I suggest are available for edema control, seems 
to be at the bronchiole and respiratory bronelriole, the site of the sphincters 
around the necks of the air sacs. The character of the ejrithelirrnr has ah’eady 
changed before this point is reached and goblet cells have disappeared. At the 
level of the segnrental bronchus, howermr, the secreting membrane of the respira¬ 
tory tract is well developed and introduces a factor in obstnrction of the air 
passages that does not occur at the hronchiolar level. Obstruction of the seg¬ 
mental bronchus is followed by retrograde filling or drowning of the bronchioles 
and air sacs by the pent-up secretions. In the absence of infection this appears 
to be a relatively benign event. Accurate observations are not available, but 
presumably water and salts may be removed by the blood capillaries and protein 
by^ the lymphatic channels. The lumens of these obstructed small bronchi become 
filled by cylindrical casts of a tough rubbery substance. The situation is le 
vealed in the pathologic findings of mucoceles and certain cysts but vuH not le 
explored at this time. However, certain phy'siologic and pathologic implications 
of the secretory activity'^ of the bronchial mucous membrane deserve brief com 


ment if only to displays our present state of ignorance concerning them. 

As an example, consider the enigma of the so-called Kartagener syrndiome 
bronchiectasis, situs inversus, and agenesis of the accessory sinuses. The pa 
genesis of the bronchiectasis component has alway^s been baffling. When a 
and I® tried to develop a hyqrothesis some years ago we could only post a e a^ 
other’s had done, that the bronchiectasis was a stigma of maldevelopmen^^ 
Wlrether the maldevelopment was strmctural or took the form of some 
predisposition to bronchiectasis could not be determined. It was poiute oi^^f 
however, that the bronchiectasis itself took the form of the acquired r’at er i 
the congenital tyqie. Since that time I have had the opportunity ^ 
two children wth situs inversus and agenesis of the sinuses but mt ou 
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chicctnRls (Icmonstrnlilc in comi)lote aeries oC broncliogrnnia. Both cliildrcn dis¬ 
played an extraordinary ineronae in the secretory activity of tlic inucons inoin- 
l)mnc of the reaplmtory tract. This was nianifcsted by tlio production of large 
quantities of mucous secretion.s liotb by cougli and i)rofuse nasal discharge. The 
content of pus was minimal. Both eliildren had Iiccn boni in tlic chcniothcra- 
peutic ora of medicine and liotli had enjoyccl the protective eonccni of \voll-to-<lo 
families ahlc to provide winters in the aoutlnvest under able medical aun cillanec. 
Threatened episodes of reapii-atory infection had liccn handled l)y pi'cventivo 
measures including chemotherapy and careful oliscrvation for collapse and rc- 
expaiaion of segment.s. The stage rvas .set for the devclopmeiit of segmental or 
lobar bronchiectasis Imt as yet it had not appcaml. 

In the light of these olwcn’ations a careful review of the childhood experi¬ 
ence of an intelligent young man with the Karlagcner syndrome, including 
bilateral basal hronchicclasis, brought forth a recon.struction of events that 
paralleled the story of the two children. The jtrofuse mucoid .secretion in his 
ease l>ceamo purulent only after an attack of bi-onehills at the age of 14. 

It seems, therefore, that the bronchiectasis of the Kaitagcncr trilogy Ls a 
Roeondary manifestation and that the underlying dlsturlwnec may he an altered 
secretory actitity of the rcspirelory traet epithelium. 

Reccntl.v Bergstrom, Cook, and .ScannclB have assembled a family history 
that not only confinns hut throws nddc<l light on the subject. In this family 
the hronehiectaais, or as hits been proi)osed the almormality of the respiratory 
tract epithelium that preecdes it, occurs in two siblings with situs inversus and 
in two others without situs invcrsu.s. Whether the stigma that aHei'ts the mucous 
nicmbrano has a structural basis, a inetaliolic basis, or is attributable to .some 
derangement of the neurosecretory meehanisfn, remains unknomi. The question 
as to whether the respiratorv mucous membrane behaves as a single orgnn in 
Its secretory activity or whether lobar or scgnicntal regional autonomy of contixil 
may exist also remains unauswcrcel. 

Iteturning to the pulmonary' cireulatiou, I remind you that many studies 
on minor pulmonary cmlmlism that are now elaasies have demonstrated a col¬ 
lateral drift of blood in tbo pulmonary capillaiy network suffleient to maintain 
a slowly moving circulation despite occlusion of sizable terminals of the pid- 
monary artery. Increased back pressure in the pulmonary veins or abnormal 
slowing of the capillary stream by reduced rcspiiatory excuiaion may convert a 
bland infarct into a hemorrhagic infarct. It is likely that this capillaiy' blood 
drift crosses segmental boundaries. In the immediate situation imposed by tbe 
embolism, this drift of blood has no respiratory' aignificanee; haring passed 
through functioning alveoli, the diifting blood is artorializcd and not mixed 
venous blood. It may help maintain the integrity' of the capillary' wall, although 
there is some appearance of edema even in bland infarction, despite the fact 
that alveolar ventilation continues. 

With the vast margin of safety prevldcd the respiratory' oigans, the fnne- 
bonal loss of a few lolrales or even segments might seem to bo unimportant. 
There is some evidence, however, to show tlmt the lodgment of minute emlmli of 
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cells and agglomerations of tissue debris in the lesser circulation may be such a 
common event that it can be regarded as a physiologic happening. If this is so, 
the margin of safety would soon be used up if minor embolism in the terminal 
arteries always spelled hemorrhagic infarction. The heabng process would 
reduce such an occluded area to a thin plate of fibrous tissue. A series of healed 
hemorrhagic infai-ctions thus Avould cause the remainder of the pulmonaiy tissue 
to distend ^vith the changes of complementaiy emphysema and a concomitant 
reduction in functional capacity. The limited damage that attends bland in¬ 
farction, in contrast, does not reduce the volume of the lung. 

While the loss of a few square meters of diffusion surface from the 140 rith 
which the lung is equipped for its primaiy function of respiration might he 
insignificant, the lung appeai-s designed to conserve a space-occupying function. 
This is time e\'en though the respiratoiy function of a segment is destroyed. 
It is observed in the series of events that follows bland infarction with the col¬ 
lateral drift of capillaiy blood. The same preservation of lung Amlume appar¬ 
ently to occupy space is also provided for- by collateral air drift, as ^vill now 
be shown. 


After tlie demonstration of Van Allen and Lindskog" it was e.xpected to 
find many instances where collateral respiration came into play in conjunction 
■with pathologic lesions of the lung. However, both the original experiments and 
the postulated situations in which the drift of air might sers'e a useful function 
seemed to characterize collateral air drift as an emergency derice. The reason 
it is not seen more eommonhv is that segmental bronchial obstruction at levels 
chosen for experimental demonstration and as observed ■\rith tumore, strictures, 
and foreign bodies takes place in the secretory zone of the respirator^' tract 
epithelium. As a result, maintenance of air in the affected alveoli by passage 
through collateral channels soon is masked by the drowning of those alveoli with 
retained seci'etions. One must descend below the mucous cells to the finer rami¬ 
fications of the air passages to find an example Of collateral air drift at play. 
The example I shall provide is not protective in the sense of maintaining gas 
exchange function; it does act to conseiwe what I have referred to as the space- 
occupying function of pulmonary- tissue that protects the remainder of the lung 
from complementary emphysema. 


In describing the techniques of resection of a pulmonaiy segment,® reference 
was made to identification of the boundaries of a segment by deflating the lobe, 
clamping the segmental bronchus, and then inflating the lobe. The segment 
remains deflated. This is readily demonstrated in a noivnal lung and bolds true 
■until certain fomis of bronchiectasis. After further stiid.v, however, it ■was 
apparent that only in the exceptional cases can this procedure be utilized, hi i i 
the segment under consideration is airless and show's the fibrotic clianges o 
long-standing inflammation that preclude inflation, or the segment does no 
deflate ■u'hen the endobronchial air pressure is reduced. Indeed, certain of these 
segments do not deflate when removed from the body and left ■with -widely open 
broncliial apertures. The air in the alveoli is trapped air. It then occuirec 
that bronchography not infrequently shows dilated bronchi extending m a 


us 
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niMontniniiiR lunt; scgnienls, but nuvcr Avitli liiiiodol entering the ntrin and 
alveoli. The dilated bronchi resenihle the hmnehos of a sea sponge knoUTi ns 
“dend-mnn’s-fingers" (Chalinn arbuxculn) and extend into a zone of radiant, 
nir^Kintuining ])nrenehynin hut in no way eoniniunieate with it. Other oijservcrs 
had coinni?nted on this phenomenon and refcrml to such bronchi a.s “lentless 
trees.” Robert Klojistoek was working with me at the time these ohsciTations 
were made, and using the techniques of Van Allen and Lindskog it was not dilTi- 
eult to demonstrate that the im])risoneil air entcrisl or escaped from the area 
cither by way of an adjacent segment with normal linmchi or from an occasional 
normal i)mnch bronchus within the segment. Ily more careful iii-coperativc 


S' 



Fl». 4. 


fluotoseopic examination it Avas fKBsihlc to confinn the fact that the air in such 
a segment was indeed trapped exactly as in ohstnictivo emphysema. From the 
standpoint of gas exchange, this area of lung is devoid of function. The air 
tliat reaches the alveoli within it has already pnsscrl tlirough other alveoli and 
•tmehod cquilihriuin with the pulmonary capillary blood. The air^mntaining 
Wigmonts arc simply filling space. But this, as has been suggested, may have a 
Cunetiomd significance. 

Klopstock studied these surgically removed lobes rvith lipiodol injections of 
the bronchi, correlating the ohsen-ations with those made at operation and those 
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made wtli air-flow techniques. Brief reference is made to three examples, using 
soft tissue roentgenograms as records. 

Pig. 4 records the lipiodol injection of the aii- passages of a lobe excised from 
a 23-year-old man with bronchiectasis dating to attacks of pneumonia in early 
childliood. When the chest was opened the right lower lobe appeared emphy¬ 
sematous hut vnth little or no deformity in its architecture. The dorsal segment 
deflated when the endotracheal preasure was reduced and inflated when it was 
elevated. The basal segments could not be deflated. The air that filled their 


V',", 


Fig. B. 


alveoli was trapped, having entered through collateral channels by way o 
doraal segment. The lipiodol filling showed no communication beWeen 
dilated bronchi of the basal segments and the surrounduig alveoli of 
segments. , 

This specimen shoived,'in addition, a phenomenon that is quite 
that provides further confinnation. The dorsal segment displayed t le 
patteim of anthracotic pigmentation, but this was entirely lacking in t le a 
segments. It is understandable that airborne particulate matter cannot rav 
the tortuous channels of the air-drift filter. 
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As nil OMinplo of 11 iiioro coinjilcx sitiinlioii, rofcroncc is iniido to tlic lower 
lobo of n young ndult womnii (Fig. S). Tlic dorsnl .scginont is not injeelcd in 
this surgicnl .spceimen. It still eoiitiiin.s n cloud of iilvcoliir lipioilol froin the 
prcopcmtivo broncliOKmin sliowing noniml nir.siic nlling. (Inc of ibo tlii'ce biisnl 
Bcgnients appears normal, one is grassly bronchicctalic, and one shows a cylin¬ 
drical enlargement of the lironehi. In only one or two aieas of the segment 
containing the cylindricall.v dilated bj-onclii do flecks of alveolar filling ap|>enr. 
All of these segmcnls were found .syniiiiolrically dlsfcndcrl with air when cxjiosed 
at operation, in fact, nivliitcetnnilly tlic lolie appcarcil completely normal. The 
affected segments were being maintiiincrl in an inflated form by colliitenil air 
drift from the adjacent nominl .segments. 


From the gross bioncbiectasis displayed in these specimens, one may proceed 
to the state of affairs in the lobe shown in Pig. 6. This is the surgical specimen 
from an older woman, aged 56 years. Two Irouts of pneumonia had been local¬ 
ised to this lobo, then ensued cough, continuing slight fever, lassitude, and dis- 
ability. Tliis patient was treated for many months with rest, chemotherapy, and 
clmiatic change but without improvement. The dorsal segment shores normal 
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alveolar filling. In the basal segments there are a few areas in which the lipiodol 
entei-s the alveoli, but in general it is the picture of the '‘leafless tree,” par¬ 
ticularly in the mesial segment. There is little deformity that can be termed 
dilatation of the bronchi, and in fact it is a misnomer to classify this disease a.s 
bronchiectasis. The significant lesion appeal's to he ohlitcraiive ironcliitis and 
bronchiolitis. 

As sliown in the preceding illustration this process may exist in one segment 
and true bronchiectasis in another. In some cases, as tliose described by Blades" 
as pseudobronchiectasis following vims infection, the obliteration appears to be 
temporary; in others, when the finer air passages are converted into fibrous 
cords, it is pei'manent. 

For an adequate description of the moi'bid anatomy of the changes in the 
air passages that have been presented, one may go back to 1835.^® This was the 
era "when lungs were careful!}' examined in their tlnce dimensional aspects and 
not chopped up into limp fragments for two dunensioual cellular microscopy. 
In these old illustrations (Fig. 7) of bronchiectatic lobes, the.bronchioles and 
presumably the smaller bronchi are shown reduced to fibmus cords that can be 
traced to the proximity of the \isceral pleura. Observations regarding the state 
of the surrounding alveoli were not recorded. 

I cannot agree wdth Flciseluier” that this represents a iveatelectaiic phase 
in the development of bronchiectasis, although this could be tme if the oblitei'a- 
tive fibrosis of the broncM and bronchioles progressed to involve all segments 
of a lobe. It appeal's, on the conti-arj', to represent a static phase of what may 
initiall}' have been an acute inflammatory process tliat destroyed and obliterated 
the finer air passages. It might actually represent a postalelectatic phase, if 
collateral air drift penetrates an area that Avas atelectatic during the acute 
phase of infection. 

As I have implied, there are, of course, otlier forms of bronchiectasis m 
AA'hich small dilatations and herniations of the bronchial Avail can be traced m 
the finest bronchial tiAugs and ei'en in the bi'onchioles. Tliere are other more 
common types AA'here inflammation and filirosis have destroyed the arcliitecture 
of the air sacs and bronchioles, and coiiA'erted the lung or a portion of it mto 
an airless, solid organ in AA'hich the mechanism of collateral air drift has been 
forever lost. 

ObliteratiA'e bronchitis and bronchiolitis AAdth or A\dthout atelectasis maj be 
significant in the development of cei'tain types of bronchiectasis and not mei'c y 
be a by-product of the pathologic process. As a primal'}' lesion it Avould favor 
the retention of secretion in the larger bronchi and possilily promote the ativp I 
of disuse. Basic to an underatanding of obliteratiA'e disease in the finer an 
passages is a recognition that their lining membranes are ver}' different ro 
those of the larger divisions. They have a serous rather than mucous seeie 
Thus, it is possible for the flames of infection to sweep across the lung o 
produce permanently obliterated bronchioles Avithout cAudence of co 
fibrosis that is diseei’nible on the x-ray film. Kecent studies on lung unc i 
tend to confirm this statement. 
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Both capillaiy blood drift and interalveolar air drift are phenomena unique 
to this organ. Respirator 3 ^ function depends on ventilation, not on alveoli con¬ 
taining air; it depends on an active capillary circulation, not on capillaries con¬ 
taining blood. Air-containing lung with normal pulmonarj^ circulation as well 
as blood-containing lung with normal ventilation may be ineffective from the 
standpoint of respiratoiy exchange when the air has entered by way of adjacent 
alveoli and the blood has entered after traversing adjacent capillaries. 

The structure of the lung appears to maintain its spatial integrity despite 
serious functional deterioration. Intricate mechanisms exist that act to maintain 
its volume and shape. It is unlike parenelijunal organs that dwindle in size 
following the obliteration of ductal sj'stems or occlusion of vascular channels. 
It does not become small with the changes of senile atrophy, in fact, the atrophic 
changes of the aging process produce quite the opposite result as recognized in 
senile emphimema. IVhen normal lung is called upon to dll spatial demands 
the changes of complementary emphysema ensue, presumably with further reduc¬ 
tion of the functional margin of safetj’- wdth wliich this organ is so liberally 
provided. A segment of the Iddney or the liver may be removed without signifi¬ 
cant reduction of the function of the part that is left behind. Not so with the 
lung. Surgical principles of conservation of function thus center in conservation 
of volume. 


The apparent homogeneity of the structure and function of the lungs is 
highly deceptive. They are not two gas bags suspended in a container. Mor¬ 
phologically and functionally the lungs are a highly integrated organ system in 
w'hieh the Avhole must be considered in relation to the parts, and the parts m 
relation to the whole and to each other. Tim two lungs, the single lung, the 
lobes, the bronchopulmonai’y segment, and the lobules must be studied from this 
point of view. Only in this manner can tlie natural laws be disclosed that will 
ultimately guide pulmonarj’’ surgerj'^. 

I have made fuU use of the immunity that a Presidential Address affoids 
to rebuttal and critical discussion. It must be taken for granted that the 
relationships of factual observations that have been presented will be reco^ize 
as hypotheses and valued only as such. I shall conclude with the expression o 
a conviction that is neither a fact nor an hj^pothesis, but a value jud^ien . 
Surgeons who stand on the threshold of the surgery of the lung todaj’’ i 
find prestige and fame in treading the eas^’" pathwaj’^s that were open to the o er 
members of this Association. "We enjoyed for a brief period the heyday of lap 
technical development that follows the initial conquest of a new territory. ^ 
vance in the surgery of the lung will not be derived from technical 
alone. Anyone w'ho gains the opportunity to operate on enough patients 
have had experience, but it does not follow that one learns from it. 

The area I have outlined is not only unexplored territory but it js a^^^^ 
man’s land. Our allies in the medical sciences seem to have other 
affairs that occupy their attention today. It is a territory in whic i sur 
may work but in which every gain must be bitterly fought for; it is remo 
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the glamour of scinlytic lights and the comforts of lucmtive trade. Yet in this 
area and adjacent ones lie tlic concepts that arc essential if further advance in 
the surgery of the lung is to he realized. 
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INTRATHORACIC jMENINGOCELE 

Fraxcis X. Byrox, M.D, Los Angeles, Calif., Colonel Emery E. AluecJ, 
]\Iedical Corps (by invitation), Battle Creek, Mch., and 
Paul C. Samson, M.D., Oakland, Calif. 

\ LTHOUGH, with increasing experience in deaUng with mediastinal tumoi's, 
thoracic sui'geons are becoming more accurate in their pre-opera n e 
noses as to ceU tjTte. there is still an element of snrprise tvhen the tum^ 
exposed at operation. Among those tumors which present a degree ot umfoim* 
in the x-ray and clinical picture, and thus lend themselves to 
diagnosis, ate the iutrathoracie neurofibromas, men a mediastma 
pre^nts itself as a unifomdy opaque, weU-deflned, rounded or '“talated 
in the posteiior mediastinum, a high percentage wdll prove to he 
When, added to this tiTJical x-ray finding, there is the presence of 
tion of adjacent posterior rib ends and the skin manifestations o neurq 
tosis of von Recklinghausen, one might feel justified in making the diagnosis ou 
mediastinal neurofibroma. However, that even this typical picture may 
one into error is exemplified by the following case reports. 

Case 1.—<i. N., a 3G-year-old white housewife, mother of four, was 
Univer.iity of Alichigau Hospital on Feb. 23, 1947. She had been well u f, ^ 

preidonslv w'hen she had been hospitalized, elsewhere, for pneumonia an p n-nex 

chest x-ray examination of Oct. 27, 1941, revealed a 10 cm. tumor mass 
posteriorly with a destructive process of the second and third vertebral bo i 
posterior aspect of the third rib. There was a sharp scoliosis to the left. 
diagnosis of neurofibroma had been made, and she was advised to have it remove 
ever, she did not seek further medical advice until one year prior to admission 
developed a persistent, nonproductive cough, mild, progressing to moderate, ysp 
pain over the apex of the right chest. 

The plij’sical examination revealed generalized cafi-au-lait spots, most 
back, scoliosis of the upper dorsal spine with convexity to the right and n ® 
diminished to absent breath sounds over the upper posterior right chest. 

The laboratory studies revealed no abnormalities of the urine or blood. 
ograms revealed a huge lobular density of smooth outline occupying the upper ® ^ 
of the right hemithorax and situated posteriorly. There was deformity of the 
with apparent absorption of its posterior end and there were destructive changes 
second and third dorsal vertebrae. 

A diagnosis of intrathoracic neurofibroma, possibly with- intraspinal extensio 
made and operation was performed on March 4, 1947, under intratracheal e er 
anesthesia. The chest was entered posterolaterally through the bed of^ the on 
A huge thin-walled cyst was found almost to fill the hemithorax. Aspiration, to 
mobilization, revealed clear watery fluid. It was felt that it might represen a 
inclusion cyst similar to the so-called pericardial celomic cysts. However, lur 
tion revealed the cyst wall to be continuous with the dura through a defect me 

From the 'U’adsworth General Hospital, Sawtelle and Wilshlre ®'X^v.Y-^-ATlCh'^^the’ Perej’ 
the Surgical Services of the University of Michigan Hospital. Ann gan Fran- 

Jones General Hospital, Battle Creek, jllch.. and the Letterman General Hosp 
cisco, Calif. , fQj. xhoraclc 

Read at the Twenty-Eighth Annual Meeting of The American Association 
Surgerj-, Quebec, Canada, May 31, June 1. 2. 1948. 
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5 by 2 cnu In sir.o, Iho tlofccl nrij^inj; hk the result of onlurj;eDU‘nt un«l oonlet<ci*nrc of t!ic 
intervcrtebml fomnilun of Dj niul 1),, obHorption of tho jjctliclc of D, nnil oro3«ioa of tlio 
poiterO'latcrnl nirpcrla of llio iKnlica of 1>, und 1)^ TliroO},'li this defect could be Hcon tJio 
spinal cord and, higher in the Hpinnl cnnal, nt nlmiit the level of the inferior nspert of n 
iraall intrnapinnl cv'st. The defect TL'nH closed by ntilir.ing n portion of the c}st wnll or 



Fig. 8. riff. 4. 

4 —Cheat roentffonoffram taken two niontha after operation.. 

^ “Jiaorntlor, ^5^** —I>otnll film of apical region to show the upward dlaplaccment of rib 

profound «od of rib 8. and the abaenco of rib 4 (excised at operation). Tho 

iructlve cliange* of the bodies ot I>i and Dj are ahomi. 
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dura as a flap. Tins was then covered by a free pleural graft and a layer of Gelfoam 
Because the upper lobe had been partially collapsed for several years, it did not re-expand 
readily to fill completely the apex of the chest. An intercostal drainage tube rva.s therefore 
employed for forty-eight hours. 

Postoperatively, the patient experienced mild intermittent headache, relieved by 
aspirin from the fourth to the ninth days. Her temperature fluctuated from 98° to 102° P. 
for the first fifteen postoperative days. This was felt to be due to a slow seepage of spinal 
fluid into the chest. Following her discharge from the hospital, she continued to do well. 
At the time of her return visit on April 2, 1047, there were no complaints, her tempernture 
had been normal, and the chest roentgenogram revealed that the pleural fluid had been 
largely absorbed. 


Case 2. M. A. C., a 21-year-old white soldier had received a gunshot wound of the 
right arm in 1944, resulting in considerable disability of the arm. There was no injury of 
the chest or shoulder region. Upon being separated from the service Feb. 5, 1947, a routine 
chest roentgenogram was obtained which revealed a homogeneous round mass, about 2,5 cm. 
in diameter, in the apex of the right chest. He was admitted to the Perej' Jones General 
Hospital. For diagnostic purposes n right pneumothorax was induced, revealing the mass 
to be e.xtrapulinonar}'. A diagnosis of neurofibroma was made and on Feb. 24, 1947, this 
mass was explored through a posterior incision, resecting portions of the second and third 
ribs. The mass was revealed as a ej'st, lying extrapleurally with its pedicle in the first 
interspace. The fluid could bo easily expressed but it readily refilled. Ten cubic centi¬ 
meters of clear fluid were aspirated. The cyst wall was relatively thicb. Since it was 
considered to be a meningocele, was asymptomatic, and in a protected place, it was decided 
to mabe no effort to remove it. 

Postoperatively, the patient had rather severe headache for several days, relieved hy 
caffeine. After realizing that no demonstrable proof existed to prove this lesion a menin¬ 
gocele, a needle was inserted into the cyst, a small amount of spinal fluid withdrawn and 
'3 c.c. of Pantopaque injected. The isthmus was not seen fluoroscopically, but the Panto- 
paque readily entered the spinal canal. Detail films of the \ipper dorsal region failed to 
reveal anj' evidence of vertebral absorption or enlargement of intervertebral foramina. 


Case 3.—J. C., a Ol-yenr-old wdiite man, was admitted to the Letternian General Hospital 
on June 30, 1947, complaining of severe pain in the cervical region. Intermittent soreness 
and stiffness of the mid-dorsal region, relieved somewlmt by physiotherapy, had been pre^nt 
for about five years. In 1946, dull aching pain began to occur in the cervical region. 

This discomfort was aided by physiotherapy, but one month prior to admission the pnm 
was aggravated by massage. The physical examination revealed many small, soft nou 
over the face, arms, legs, and body. Excision of one of these lesions revealed it to be a 
neurofibroma. There was caf6-au-lait pigmentation over the flanks and back. The nee' 
was held in flexion with limitation of motion due to pain. A soft mass was present in s 
right cervical region and this had been present, unchanged, for several years. 
kyphosis of the cervical and upper dorsal spine with scoliosis to the left. Genera iz 
arteriosclerosis was present, and there was a soft apical systolic murmur. The 
determinations were not abnormal. Boentgenograms revealed a rounded, 
area of increased density, measuring 7 cm. in diameter, situated posteriorly in ® ” 
apex. This had remained unchanged for at least two years. No pulsation was 
fluoroscopic examination. The first, second, and third ribs were considerably ero e 
their posterior portions with destruction of the heads of the first and secon n s- ^ . 

first rib was disarticulated and pushed well forward of the transverse process. . ^ 
lateral aspect of the body of D, and the pedicles of D^ and D, were destroye • 
vertebral foramina of D^ and D, were enlarged and apparently coalesced. ^ 

disseminated neurofibromatosis was made and the mediastinal mass was ^ . 

fntrathoracic neurofibroma. On Aug. 8, 1947, a -f \ 
formed, the pleural cavity being entered through the bed of the re 
adhesions between the mesial portion of the apex and the mediast 
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TBe latter obvloaaly crffllc. Tho hl^liral intorroatal vein vrnp stretched over the cyst. 
Sabplenral dissection, bepun posteriorly, resulted in troublesoroe venous bicedinp. Approxi¬ 
mately 500 c.c. of blood ucre lost from this source. The bloml pressun* foil to HO mm. Up, 
sv*tolic, but tho pulse mtc remnincil nt S8. Tho mass wns nspimtod nnd colorless fluid 
obtained, I'urther dissection of tho cyst resulted In recurrence of bicodtnp nnd after 
about ten minutes tho pulse nnd bloml pressure could not be obtained. Illeodinp was con- 
lrolIe<l by packinp. Tho heart was stiniulnted by njnssape, Injection of Adrenalin, and 
the forced Imnsfuslon of l,.5nn o.c. of whole blood. There was return of cnrdlnc action, 
the Idood pressure mountinp to lOn mm. lip systolic. Further nttenipts to enucleate the 
cyst revealed that, Hiiporiorly, portions of the bmehlal plexus wore stretche<I over tho cyst, 
lifleen minutes Inter there wns n suddon drop in blond jvressure nnd cnrdlnc arrest. No 
response occurre^l to Injection of Adrenalin and nmssnpc thmnph the opened |verlenrdium. 



*UKj —This draM-Injt dcnionstmtcH the relntlonshlp of the 

tlv: extent the lower trunk of tl»e brochlnl ptoxus. The fltrur 

or bone erosion nnd bone destruction. 


nienlnpocole to first 
to tho richt shows 


th examination revealed n lissuo-tlilu moninponl sne projectinp oitrapleumlly 

the onlarped Inton'ortobml fomnion of,Ot. The spinal cord wns vifllblo throuph 
the wall of whicli wns intimately adherent to tlio vertebml bodies nnd the 
•^t rib. The spinal cord iu this region was diffusely thickened and whitish.* 

In 1933, Polil' reported n ease ot neurofibi-onintosis witti intrathoracie men- 
The meninRooele wns excised, the patient dying of empyema. Schuller 
Uiberall* reported the case of a SG-year-old man rvlio, in 1926, Jind a ding- 
—^^'ifofibromntoais witli intrathomcie tumor. In 1935, tire tumor at tho 

is'*’)? ,*'***’** or the nouropoOitiloslc Oncllngii, not tternmne to tliU prcMntatlon, nro 

Of FsTtK elsewhere by Dr. W. H. Carol. NeurosureJetU Consultant, and iinjor H. Sprlnx, 
uoloffy Section, Lettominn Ooneral Hospital. 
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level of D, to D„ was described as the size of an apple. Lumbar puncture 
revealed fluid under noi-mal pressure with a positive Pandy and slight xantho. 
ehromia. Lipiodal was injected into the spinal canal and found to enter the 
tumor. There was evidence of .spinal block at D„. A neurectomy was performed 
to relieve his pain, but he died following this procedure. The autopsy showed 
a 10 cm. cyst, absorption of the dorsal surfaces of vertebral bodies D. to D,o, and 
an iuteiwertebral foramen large enough to admit twm fingere. They had not felt 
justified in attaelring the cyst as Naffziger had warned of the danger of liydiu- 
thorax due to drainage of spinal fluid and they further felt that closure of tlie 
defect might be difficult. They stress the value of myelography in .suspected 
cases. 


Ameuille, Wilmoth, and KudelskP induced a diagnostic pneumothorax in 
a 46-year-old woman with a large posteriorly located mediastinal tumor. As a 
further diagno.stie procedure, a thoracoscopy was performed and this revealed 
a large cyst which was translucent, reddish-white, and with numerous vascular 
arbortzations. A diagnosis of hydatid cyst was made and thoracotomy peiformed. 
The cyst was found to contain clear fluid. A defect was found in the lateral 
faces of Dg and D^, which seemed to lead into the spinal canal although the 
spinal cord was not seen. It was not possible to approximate the pleura over 
the defect. Postojieratively, the patient developed fever, alidominal ascites, 
urinary retention, and fecal incontinence. The spinal fluid was found to contain 
staphylococci, and she died on the eighth postoperative day. At autopsy, the 
chest was found to contain 2,000 c.c. of diluted .synip-colorcd fluid. The lesion 
wa.s found to be a dural sac escaping through the defect in the bodies of Dj 
and Dp. 

Campos^ repoifled two cases of wdiat probalfly represent intrathoraeic men¬ 
ingocele, although anatomical confirmation by operation or autopsy is lacking. 
One was a Brazilian boy, aged 7 years, with the presenting complaint of dorsal 
scoliosis. X-ray examination revealed a lai’ge pedimeulated shadow, 5 cm. m 
diameter, with wmll-defined margins in the upper right chest. The fii’st si.v 
doreal vertebrae were bifid and there was sjmostosis of the fouifh and fifth doma 
vertebi'ae. Injection of opaque medium was not employed. The other case vns 
of a 54-year-old Japanese man with symptom.s of pencardial pain, dyspnea, an 
nonpi’oduetive cough. A diagnosis of neurofibromatosis was made and confiraie 
Iiy biopsy of a skin nodule. The chest roentgenogram showed a rounded, vc 
defiired shadow in the right upper chest far po.steriorly and an increase m size 
of the third, fourth, and fifth intervertebral foramina. Penetration 


descinbed as occurring through the fifth foramen. 

The significance of the fact that neurofibromatosis was present -j 

these five reported cases is not clear. Case 1 of this report^ had ca 
spots hut no neurofibromas and Case 3 had both. Certainly, it is not o 
nostic aid in differentiating between iutratlioraeic neurofibroma and i^^tra 
meningocele, and, in fact, adds considerable confusion, since one nug i ^ 
mediastinal neurofibroma as part of the generalized syndrome. . .^aprtmc- 
rib changes, intervertebral foraminal enlargement, and vertebral lo } 
tion may, and frequently do, occur as a result of neurofiiiroma. oi o 
cow OV tho,.ocotomy, twore, «.c oriy procedure thet offere » good eta" 
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of differential dingiiosw is the intrnspinnl injection of nii oi)nfine me<liinn and 
positioning of the patient so ns to fill, if possible, the suspected meningocele. 

The demonstration of a spinal fluid block alwve the level of the incningoeclo 
in the case of Schuller and Uihernll woidd .seem to indicate the ])resence of an 
intrn-spinnl lesion, and it ■will ho nsmlled llial in Case 1 of this scries a small 
inlnispinnl e.A'st was ohsened. The .simplest explanation of the production of 
the nioningoeelc itself would seem to be that there is herniation of the dural 
envelope of a spinal nen’c through the intcrvcrtehnil foramen with ])rcssui-e 
necrosis of the vorlchral lardies and enlni’genienl of the foramen ns the mcn- 
ingoeelo enlarges. This, however, does not e.xplnin the jircsence of the intrn¬ 
spinnl cyst. It .seems jmssihlo tlmt both the meningocele and intnispinal ey.sts 
eonld have arisen at points of eongenilnl weakness of the dura as in the spinal 
extradural cysts dcscrihcd by Clowaid and Buey.“ 

Once the diagnosis of intrnthoracie meningocele is made, either l)y demon¬ 
strating a comnumicniion with the spinal canal or by e-xploration, the rpies-tion 
of tho ndvisnhility of operation nri.scs. The two jmtients reported upon hy Pohl. 
Ameuillc, and associates, both died of empyema and meningitis, williout. of 
eouree, the Irenefit of chemothcrai)y. In Imlh eases, difliculty was encountered 
in closing the defect. In our Case 1, a satisfactory elostirc was also diflieiilt hut 
fortunately seems to have been attaincel. The dura at the neck of the sac was 
verj' thin and of little tensile strength, ))robnbly due to stretching by the weight 
of the c.vst. Patients in whom the meningocele has attained snch size, a.s in 
Ca.se 1 of this report, that res|)irntion is cither seriously interfered with, or 
potentially emharrassed, will re<iuirc at lca.sl partial excision of the meningocele. 
It would seem advisable to save a generous portion of the neck of the sac so that 
a plicated closure can ho ohtaineel. It is possible that the use of hone grafts to 
bridge the vertebral or foraminal defect may be feasible. In patients with reln- 
bvcly small .sacs, operation is piohnbly not justified unless serial chest roentgen- 
ograms reveal progressive enlargement to the point of progre.ssivo respiratory 
enbarrnssment. 


Three cn.se3 of proved intrathoracic incniiigoecle are presented, in one of 
w 1 C 1 excision of the sae with good early recovery was performed. 

literature is rordewed, five jirexiously reported cases being discussed. 
0 two patients in this series on whom excision of the sac was iicrformed both 
rci^t of empyema and meningitis. 

fill diagnostic aid in differentiating between meningocele and nenro- 

rom is tho intraspinal injection of opaque medium. 

e question of adrusahility of excision of tho sac is discussed. 
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DISCUSSION 

DK. HAEVEY J. AIENDELSOHN, Cleveland.—I wish to present an additional case 
of intrathoracic meningocele from Cleveland City Hospital. The patient had been picbed 
up in a routine chest survey bj" the City Tuberculosis Clinic as having an intrathoracic 
tumor. She had been asymptomatic until she hnew she had this tumor, and she iras 
admitted to the hospital about five months later, at which time she said she had some 
dysijnea, but on observation in the ward appeared asjTnptomatic. 

(Slides) This shows the tumor in the posteroanterior film, and this shows the poste¬ 
rior position in the lateral film. This patient also had generalized cutaneous neurofibro¬ 
matosis. Our preoperative dingnosi.s was mediastinal neurofibroma. However, we snspected 
some intraspinal involvement. The spinal fluid studies were normal. The patient was 
explored in August and the defect in the spinal canal can be seen here. We closed it in 
the same way described In' Dr. Byron, 1)3' imbricating the sac. Wo sprinkled some talc 
in the area. She had an uneventful recover)' and was kept in bed for two weeks. 

The film one 3 'enr later showed a normal chest, and the patient is asymptomatic 
except for a complaint of low back pain. 

DE. JEEOME E. HEAD, Chicago.—I would like to report an additional case. I 
believe that the rarity' of the condition warrants doing so. The patient was a man, age 
43 y'ears. He entered Hines Veterans Hospital for some other complaint. A routine x ray 
film of the chest revealed a globular tumor in the left lower thorax behind the heart, ^e 
tumor was directly' adjacent to the spine. A needle was inserted into the ® 

cry'stalline-clear fluid was obtained. Following the aspiration of about 10 c.c. o ui , 
patient developed a ty'pical postlumbar-puncture headache. .Several ® 
was reinserted into the tumor mass and at the same time a needle was inserte^ in 
spinal canal. Withdrawing fluid from the tumor low'cred the pressure in the meci- 
and withdrawing fluid from the spinal canal lowered the pressure in the tumor. 
mens of fluid removed through each needle were comparable in gross appearance, 
count, and in all chemical analy'ses. These tests seemed to warrant the diagnosis o 
thoracic meningocele. The patient was not operated upon. 

During the preceding discussion concerning the surgery' of these meningM^ ct/t-ity. 
question has been raised concerning the leakage of spinal fluid into the P stellate 
The following case bears upon this possibility'. .Some months ago I expose ^ 
ganglion for a vascular surgeon in a case of Raynaud’s disease. The then 

formed in the same manner as an extrapleural pneumothorax. The vascu ar 
avulsed the sympathetic roots, the rib bed was closed with a running jjj 

wonnd was closed without drainage. The patient developed a coHeiflion o^^ jjgpiration 
extrapleural space. On aspiration this was found to be spinal fluid. o The 

of the fluid, the patient developed headache and the fluid rapidly nothing- 

question arose as to what to do concerning this complication. We deci e gij,ce. 

The patient had no sy'mptoms referable to the condition and has remaine 

DE. FRANK S. DOLLEY, Los Angeles.— There are two very 
symptoms in these cases that Dr. By'ron has reported that should be emp a tumors. 

Several y'ears ago. Dr. Brewer and I had published a paper °° n-e stated 

In writing of the paravertebral tumors high in the cupola of the ^ primary 

that the so-called Pancoast tumor was, in a great majority the medi' 

bronchiogenic carcinoma, hai'ing its origin close to the x^scera p ganse thm 

astinum. We showed that there are a number of other condi vrould be operable 

paravertebral or paramediastinal shadow, particularly fibromyxoma jiorverer, 

and early fibromy'xosarcomn that might also prove to be opera e. 
mention meningocele. This manifestly' should be included in this group. 

The second point for emphasis is a question of bone erosion. 
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I have been accustomed to believe that nnr pipn of bone crof'lon not duo (o nncuiysni 
or cold abscess could bo considered ns reproimiitiug n nmllgnant procoss and vras in¬ 
operable. 

It is most interesting to me to learn that two of these ensen of Dr. Ityron's this 
mornlcp show ^^^dosp^cnd evidence of bone emsion. The only cxplnnation which occurs 
to mo is thnt the same sort of mochnnism Is taking place in these cnscs ns in aneurysm: 
that is, the meninges themselves do not readily stretch; nnd the increased pressure ngninst 
the bone contiguous to the meninges in n situation that does not iverrait Inteml c.xpnnHlon 
rosalts in Imno erosion. Therefore wo certainly arc not justifiml, if nnenrA'sni or cold 
alfscess can be eliminntetl, in looking ii|»on the condition where bone erosion exists an 
surely malignant and inoperable. 


DU. CIAQLIA, Dtlcn, Jf. V.—had no intention of presenting this ra«c but the 
features were so similar to the ones presented thnt 1 thought n few words on It might be 
m order. This patient was n Gbyenr-old while woman, ^vhn was mimling her o^vn business 
working in a mill, when someone did a sur\‘oy, nnd a tumor wns rejmrted. .She was com¬ 
pletely asymptomatic. She also had elioirally multiple npurollbromatosis, later provetl by 
biopsy. She bad also bony changes with a slight angular scoliosis in the upper thoracic 
region. The x-ray examination showetl a mass clearly defined anil roundeil, about the sir.e 
of nn orange, in the left npicnl region, Klic wns expinnil Imnsplciirally nnd much to my 
surprise the tumor wns fluctuant. A needle wns pul in nnd a cr.vslnl-clonr fluid was 
ohtained. Tjiter, on examination of this fluid, It was lypicnl spliml fluid with sugar nnd 
c orlde# and bo forth. Tito i>etllcle wns ligated where it enme from the vertebra in the 
r^on of the first and second. Htmilnr plastic repair was ilotie ns has been described and 
t e postopomtivo course wns completely uneventful except for n Horner’s hvndronio of 
modemta degree. 

Tho woman la back at work nnd I can «ep no sign of recurrence so far. 


, ' seems to Iw one of those entities that nppenr occasionally; one 

ever enra a mat them and then ono lenms of a tiumlicr of cases nil together. For instance, 
riw ^ oraic c>8t8 woro unheard of until Dr. T>nmbort reported a case in 1040. 2s’ow 
mar 'ory common, nnd most of us have scon cases. Intmthomcie. moningoceles 

® rei^rted with increasing frequency, 1 think there is some importance in making 
tiKnoais, l>ecause I do not bellcvo opomtlon is indicated in all cohos. In 
P ttre, w t tt largo Iwny defect, it Is questionable in many raws whetlier the defect 
herritnul nctorily closed, and eecond, since I believe that tho meningocele ia n 

htmlatlon of the dura, I .ce no roneon why hornlntion ennnot roeur. 



THE USE OP TUBED PEDICLE GRAFTS IN CARCINOMA OP THE 

UPPER ESOPHAGUS 

Eugene M. Bricker, M.D. (by invitation), Thomas H. Burford, M.D., and 
Ben Eiseman, M.D. (by in'sttation) 

St. Louis, Mo. 

C ancer of the esophagus has long tested the resourcefulness of surgeons and 
despite a prodigious amount of work and no little ingenuitj", the i-esnlts 
until very recently have been far from noteworthy. However, the past decade 
has witnessed veiy significant successes in the conquest of this formidahle dis¬ 
ease. 

North Ameincan surgeons and members of this association in particular have, 
contributed pre-eminent!to this progress. Adams and Phcmister’s' successful 
one-stage resection vdth esophagogastric anastomosis, tlie first on this continent, 
stiinidated great interest. The subsequent significant contributions in this fidd 
by Eggers,- Churchill,® Garlock,"* Oehsner and DeBakey,® Rienhoff,® and in par¬ 
ticular Sweet,"’ ® are too well knowui to this group to warrant I’cview. Suffice it 
to say that few of experience would question tlie desirability of gastric substitu¬ 
tion when esophageal sacrifice is neccssarj\ The stomach has been carried 
higher and higher into the chest so that Sweet® has been able to report recentlj" 
the very creditable achievement of anastomosing the stomach to the esophagus 
high in the neck. 

Despite the eminently satisfactory results witli the esophagogastric proce- 
diu’e in lesions from just above the aorta downward, there is a sizable group o 
the higher lesions for which in our opinion one-stage I’esection Avith esophago¬ 
gastric anastomosis can never be the procedure of choice. Certain features o 
carcinoma of the ceiwical and upper tlioracic esophagus appear to us of suci 
impoitanee as to justify the consideration of this lesion separately from car 
cinoma of the middle and lower third. 

Rational cancer sui’gery unequivocaUy requires the removal of the 
gland-bearing area of the involved structure and the radical extirpation o o 
lesion. The requirements of a sati.sfactory cancer resection are well fulfiUe 
carcinoma at and below the level of the aortic arch by the procedure of 
and esophagogastrostomy in one stage. Lesions above this inevitahl}’ eco 
cenueothoracic problems since fi'om this area the Bunph drainage is cue 
the superior and inferior deep cerrieal Bunph nodes (Fig. !)• ^^mtra- 

shown by the studies of hlcGibbon,^® Sakata,’^ and others. Submucosa 
tion, both upward and dovuiward for gi’eat distances, occui’s often in 
cancers so that one might question the validitj' of ever limiting t le 
to the neck. It would appear iUogical to limit the resection of 
and its regional Ijunphatics simply because a means of reestai s m 

From the Department of Surgerj-, Washington University Scliool of Thorad'^ 

Bead at the Twenty-eighth Annual Meeting of The American Asso 
Surgerj'i Quebec, Canada, May 31. June 1. 2, 1948. 
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pliysiolo^'ic fimclion is cnsily nt linnd. As Rrent n lioon ns llio onc-slnge rosection 
witli csophngognstrostomy lins liM-n, wc tloiilit timf its cfToclivenoss cnii be es- 
tcndcil consistently to lesions well nliove tlic nreli or into the neck. 

A further jioint of importnnce in our sector is tbnt nnfoi-tunntely n sig¬ 
nificant mimlicr of people iiresent themselves with an all too freguently ill-done 



1. The I>TTiph aralnQCo of Ulo upper thlnl of tbo ewphariui (a proaomluantly to the lymph 
node* In the lower corvlonl and eupraclavicular reilon. 

enstrostomy. Tlie difficulty or impossibility of elevating such stomachs to the 
Deck or even to the cupola of the thorax is obvious. 

It would seem then that a combined ccrvicothoracic lescction tvith radical 
Descction of the regional cervical lymph nodes bilaterally en bloc woidd more 
nearly fulfill tlie requirements of a satisfactory cancer resection in carcinoma of 
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the upper esophagus. Such a procedure, of course, implies staging, and in this 
time of enthusiasm for one-stage operations, one can anticipate the criticism 
leveled at staged procedures. However, this factor can be considered of no more 
than secondaiy importance since as LilienthaP- so well stated years ago, "The 
number of operations necessary to accomplish the desired result is of far less 
importance than its final success.” 



Fig. 2.—Case A. M.. showing esophageal defect. Tlie defect and distortion Fere due 
the combined effects of a huge goiter and an annular carcinoma of the esophagus at the le 
of the first thoracic vertebra. 

Struck by the success of Wookey’^ of Canada in the management of car¬ 
cinoma of the esophagus confined to the upper cervical segment, we decided ni 
1946 to attempt the incoi’poration of the principles outlined here into a plan of 
management for high esophageal lesions. -The problem was first approached m 
the laboratory in tire sumnrer of 1946. The first attempts were made toward 
resectron of the esophagus of the dog and immediate replacement vdth fuH- 
tliickness free skirr gr-afts. Although free graft was accomplished, the p™' 
eedure was considered to be of no practical value because of the subsequent 
coirtracture of the graft and production of an esophageal olrstruction. Attention 
was then turned toward working out a technique of pedicle gr’aft replacement 
of the upper portion of the esophagus using a tubed pedicle graft based on the 
neck and passed throrigh the superior thoracic aperture into the chest for 
direct anastomosis to the esophagus. Technical difficulties were encountered in 
the dog which led to the impossibility of always obtaining primary healing an 
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prcvciitwl currying llic procediiiv lo coinpU'tion in n single dog. Ifowevor, it 
was Icnruod tlint long jiodiclc grafts could l>c easily prepared and tmiisplantcd 
into the chest and that they eonld lie niia.stoniosed to the e.sopliagna without 
stricture formation. The tcehnit|ne was developed to such an c.vtent that it was 
felt justiflahle to apply it to a suitahle human case. .Such a jiatient was found 
and is the subject of the following case report. 



, rOy. 3.— The dla^rrenut Illiuitrate the corvScnl portion of the amt nUrffe. This in a combined 
wn-icothoraclc procotiuro, the IhorncJc oxiKiBure bolriK throupli Uio rijfht thlnl intorctwtnl bpac© 
vUie ran>o an lIlu*trntod In Klg. 6). 

Tho eon’tcnl fnclBlon* (/) arc nm<to In Buch n way na to turn n triuneulor flnp. Tlio c«oph- 
■ iifTiputntetl higli above tho lesion at tlio Inferior borOer of the cricopharj-iiirouB (2) and 

to® ^ttBoetJon the triBnjriilar flap Ih mitureil to the cut end of the eBophagUB (J) In Buch a 
mannor aa to complete the upper end of tho ciHuihaffonl reconstruction. 


CASK ntroRT 

A, M., a 02-jonr*olil tvliito woman, wnn n<Imittc<] to the Bnrnea iro.'pitnl on Sept. 2, 
1D47, with tlio complaint of dlfilcultj' in Bwollowing for the procedinp throe monflia. She had 
tt ienrotion aa if fotvl Btoppetl In tlio thrtmt nt tho level of the stemnl notch. TJiis dlfllcult/ 
proRTeMiTo until at tho time of ntlmiiwlon nUe could awallow only liquids and vnrlouji 
*oft foods. The pfltiont had had enlargement of tho thyroid gland sinoo 12 years of age. 
Ten year* before admlsalon she went throngh a poriotl of norvousness, which was attiilmted 
to thyrotoxicosis, and which respondetl to iodine therapy. Slio felt (Iiat tho thyroid gland 
larger at the time of this adraiesion than it had ever boon before. Tliere hnd Itocn n 
loss of fire pounds in tho preceding three montlis. 
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The physical examination was not remarkable, except for the presence of the enlarged 
thyroid, which was about three times its normal size. 

X-ray examination of the esophagus revealed displacement of the esophagus to the left 
and irregular filling, which was considered probably due to pressure from the enlarged 
thj-roid gland. Tliis filling defect started at about the level of the first thoracic vertebra 
(Fig. 2). 

On September 6 an esophagoscopy was performed, at which time a lesion uns encountered 
18 cm. below tlie upper alveolar border. This was an annular mass, biopsy of which revealed 
squamous cell carcinoma, grade III. 



Fig. 4—After the pedicle graft of the anterior chest wall has been Prepared b> th 
delaying procedures which Insure Its blood supply, the graft is converted into a hnS 3 ). 
passed Into the chest medial to tlie left carotid sheath and posterior to the trachea graft 

This procedure again requires a combined cerv'Icothoracic exposure for anastomosis or , 
to the esophageal stump. The donor area from which the pedicle graft was remo\eu 
ered with a split-skin graft (3). 

The patient was carefully evaluated and considered to be a good operative risk. 
was no evidence of regional metastasis in the neck. It was decided that a resection of 
upper tliird of the esophagus by a combined cervicothoracic procedure be done, to 
followed by reconstruction of the esophagus at a later date. On Sept. 26, 1947, n ' 
cervicothoracic resection was performed. The right side of tlie chest was entered t ^ 
the tliird intercostal space anteriorly. The lesion was identified witli ease sligl'tly 
the level of the aortic arch. The esophagus was separated from the vagus nerve and^ ro 
the trachea, the dissection being carried liigh into the neck. The tumor was readilj pa pa 
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ond dlN»ecto(l free from surrounding atrurluros. The woplingus wofl scvtlonod just below tlio 
level of the aortic arch, and Iho lower end was cloeed with inverting suturw, then anchored 
to the provortebml fa>H*ia In ortlor to prevent its retraction downward. TIio upper end of 
the esophagus was closed with a ligature, following which the rhest inrlslon was approxi¬ 
mated end a dressing nijplie^l while the attention wns tumetl to tlio condcal portion of the 
opomtiom Incisions wro then made in the neck In such a manner ns completely to expose 
tho neck anteriorly. A triangular flap was outlined by tho Incisions as illustrated (Fig. 3). 
8lnce the largo goiter jirovcnted access to the esophagus^ a subtotal thyroidectomy was done, 
care being taken to protect tho recurrent laryngeal nerves, Tlio loft stomocloidomnstoid 
muscle was resected, and the cunteats of the left carotid sheatli were retracted laterally. 
Tho esophagus was exposM and dlsitectoil fnv of Its posterior nttncliments and of the trachea 
anteriorly. It ^vn8 then delivortMl through the neck after l>cing completely mobilised. Tlio 
dissection of tho esopliagus ^vns carrit^il up to the inferior lionlcr of the cricopharyngeus 
muscle at which level It was sectinue<l. The Irinuguhir skin flap was then sutureil to the 
reemining end of the esophagus, and the wuunil was closmi ns illustrateii (Fig. 3). Tlie 
thomric wound ^ras then closi*iI after a ealliel«>r had IsM'n Intrwluced into the right pleural 
space for water-seal drainage. 



The postoperative courao was uneventful. On Oct. 1, 1047, a Stamm type gastrostomy 
done for feeding. 

On October 1C the first stage operation for preparing a tubod pedicle graft from the 
anterior chest wall was performed. Six weeks later tho pedicle graft was ready for trans¬ 
plantation into the clicat, four minor preparatory procedures liaving been accomplished in 
the meantime. 

Chi December 9 the pedicle graft from the anterior chest wall was converted into a 
tube and inserted into the chest through the anporlor thoracic aperture and anastomosed 
0 the dietol end of the esophagus. This again ivns a combined eenicothoraclc procedure, 
^ e thoracic approach to the esophagus Iwing through tho right third Intercostal space (Figs, 
and 5). Tlie defect on tho anterior chest wall was covered with a split-skin graft. 
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During the operation biopsies Tvere taken from the neck fi 

and from the distal esophageal stump All of the^ i ’ Posterior mediastinum, 

.ppe.™d to 1.. „ '■'""•a 

before M'empling 'To “p";*"‘“j «'« polienl rodiatioe aet.pj 

poMedor ,l.o,„eie portaL,, or.,, 0™ ‘""“S'- <»■' 

which spared the area which it was Imped , and through two cervical portals 

The x-ray therapy was started on DZibert anTV"' “r" reconslLtion.' 

this period tlie patient was fed by a tube through 1948. Daring 

aeck, and the gastrostomj- was allowed to close. ^ esopliagostomy opehing in the 



markedly, and^on MwcrTs '’l 9 /s'\i^''e patient's condition improved 
(Fig. G). At the time of tl ' ’ portion of the reconstruction was completed 

neck which subsequentlv -ni-nv'^i ”t’0’'"t>on some small nodules were encountered deep in the 
this finding. a o e carcinoma. The operation, was completed in spite of 

tube whicli liad^been jrns^^d'^thrniml The patient was fed through an indwelling 

reconstruction. Tliis tnbo t,-o S ‘ m nose and into the stomach at the last stage of the 
patient was started on water postoperative day. Three days later the 

ninth postoperative day she was nlacrf ^ swallow with ease. On the 

etc., which she took without difficidtv vegetables, chopped meat, 

end of two weeks the patient was tnkimr u" advanced to a regular diet. By the 

■ward In view of tlm -nnc'f i • • ^ ^ same diet ns other unrestricted patients on the 

ward. In view of the positive biopsies at the time of the last operation, it was decided again 
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Fiff. 7.—Tli^ ct'n'lcal tuTw* In coitiploteA anil tin* ili-foct rloapil. nio rclojclnc Inclalon Ima been 

with a npllt'ftkln jjrnft. 



8.—Barium awallow x-mr picture taken on the ninth poatopcrative ilaj-. Tlic bnrium 
tuST™ Into the dUtal caophapua throuch wide open stonwu at botli enda of the Inert 

force wo* good and perlatolsia of the dlatal eaophnjreal aeffnient woa 
'^ni and aeemed to have an appreciable effect In emptying tJie replaced eegmenU 
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to administer x-ray therapy. A'complete course of radiation was given to the neck through 
four portals, anterior and posterior and right and left lateral. The patient experienced a 
severe radiation reaction, and for a while it became difficult for her to swallow. tVith 
regression of the reaction, swallowing became better, and at the time of discharge from the 
hospital on April 30 the patient was again on a normal diet. 

Comment .—It is obvious that this patient cannot be expected to be a long 
sundval. The reconstructive procedure was carried to completion in spite of the 
demonstration of persistent carcinoma. However, at the present time the patient 
is well and vdthout clinical evidence of recurrence. The operation was com¬ 
plicated by the presence of a large goiter in the neck; consequently, a bilateral 
neck dissection was not done. We feel that the neck dissection should he an 
integral part of the procedure, and the technique of this procedure will he 
the subject of a future presentation. 



Fig. 9.—Photograph of patient nine months after completion of operation, showing norma 

appearance of neck and chest wall. 

A point of particular interest to us has been the retention of active pen 
stalsis in the distal segment. When a thick barium meal is given, the baiiuni 
column goes rapidly and readily down to the lower anastomosis site where im¬ 
mediate active peristalsis begins %vith the result that almost instantaneously t le 
reconstructed portion of the food passage is sucked empty. This, we believe, las 
very important implications. 


DISCUSSION 

Wliile such a small experience is never too imposing, we feel justified m 
reporting it since certain important principles are involved. First, it appeal's 
that the rational approach to cancer of the upper third of the esophagus le 
quirts resection of the Ijunph nodes most likely to be involved. Second, a coni 
bined cemdcothoracic resection and bilateral neck dissection is a feasib e pro 
eedure, and, in our opinion, a less extensive assault falls short of the mo 
standards for cancer surgeiy. Moreover, this experience demonstmtes 
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passibilily, for tho first linio to our knowlcdpc, of iltilii'.iiip: tubed pedicle Rrafts 
within the mediastinum. Of tlie Rrontost intci-cst iwrlmps is the hiphly sntis- 
factorj’ functional remdt obtained. 

AVo feel that with future ease.s the time can I)C prently shortened so that 
the entire pi-ocedurc can lie eomplcted within eipht to ten weeks. 

Tho applicability of this procedure to hiph localized strictures of non- 
ncoplastie oripin which aie not suitable for c.so])hapopaatrostomy is, of course, 
obvious. In such cases the entire jirocedure ean ho comiilctcd much more (piickly. 

We wish to stress that in no sense are we unmindful of the mapnificent 
advances slemminp from the i)rinei|di's of one-stapo resection ivith esophapo- 
pastrostomy. Our hope is that the procedure described here will prove to ho a 
useful addition to the annamentarium of the siii'pcon in his stmpple with eanecr 
of the upper esophapus. 

flmteful tirknowloflpiuoiit is made of llie viilunljlo niUifo nnd eritirism wo rcfcirctl 
from tlio menibors of tho Plnstlo Riirgory Si'rriro of nnmos UospHal. 
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DISCUSSION 

UB. FRANCIS O’DONNELL, Ann Arbor.—Wo have had an opportunity at tho 
UnlveTBity of Michigan to see n coao of tho typo mentioned by Dr. Burford. We, hon-ever, 
treated it differontly. Wo performed a total eoopUngoctomy, annstomofllng tho atomach to the 
pharynx. (Blldoa.) The patient was admitted in February, 1948, with a alx-month hiatory 
of progressive dyaplinala. Ho had been reduced to a liquid diet for throe montha. Ho was 
in exceUent goueral health. X •my examination showed n atricturo 4 cm. above the supra- 
sternal notch. EsopUagoscopy revealed tlie tumor to lie 3 cm. lielow tho upper end of the 
^phagufl. Blopay aUowod a scirrhua carcinoma; there vma no evidence of metoataeofl. 
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The patient refused a flap operation and left the hospital, but returned in two months, 
having lost tliirty pounds and having been completely obstructed for five days. Boentgeno- 
gram showed complete obstruction. The stomach was mobilized and brought to the apex of 
the chest. Of interest is the fact that the stomach was brought behind or to the right side 
of the arotic arch, since it is found that the esophagus takes the shortest and most direct 
route. A cendcnl incision was then made and the thoracic esophagus was brought out 
through the incision. 

The incision on the tenth postoperative day consisted of a transverse incision and 
extension up the left stemomastoid. The cerxlcal esophagus and the inferior 3 cm. of the 
pharj’nx were then freed and, drawing the stomach up into the neck, an anastomosis was 
made and the esophagus was removed. 

(Slide.) This is the resected specimen showing the upper end—tlie free piece of 
tissue is the abdominal portion of the esophagus wliich was removed so that closure of the 
stomach could be through the gastric wall rather than the esophageal wall. Wlien the 
anastomosis was performed at the neck there was free bleeding from the stomach, as a 
quarter size piece of gastric waU was excised preparatorj’ to the anastomosis. Much to the 
relief of the surgeon, five ligatures had to be placed in the submucosal bleeding vessels of 
the gastric wall. The cliest and neck were both drauied. PenicUlin was given for twenty 
days postoperatively and streptomycin for five days. The postoperative course was relatively 
benign except for a diarrhea on the seventh postoperative day, which might .have been fore¬ 
seen because of the extensive vagus resection. The diarrhea ceased on the thirteenth day. 

(Slide.) This shows the thoracic and cervical stomach as seen on the twelfth day. 
There are two points of interest. On the right side can be seen the pylorus lying about 
4 cm. below the diaphragm. The duodenal loop is somewhat straightened because of mobiliza¬ 
tion of the duodenum and moving it toward the left. At the left can be seen the stomach 
extending high into the neck, the barium just opposite the hyoid bone. ^Ve were unable to 
time our x-rays to catch the barium as it went through the pharynx and stomach. We had 
one severe problem postoperatively. There was no inferior constrictor muscle because it was 
excised. This led to small ulcerations about the mouth. They were treated by giving small 
amounts of alkali and the head of the bed was elevated to prevent regurgitation. He has 
gained twelve pounds since operation. Dr. Alexander sent me a wire last night saying the 
patient’s temperature is normal and he is eating very- well. 

DB. EICHAED H. SWEET, Boston.—I was intensely interested in tliis presentation 
and congratulate Dr. Bricker and his associates on the successful accomplishment of some 
thing I have had in mind for a long time. I think one of the most significant things is that 
they lay emphasis in the correct place; we are dealing with a malignant tumor which has 
probably already metastasized to the regional lymph nodes when the patient comes in for 
treatment. In other words, any attempt at cure without taking out the regional lymph nodes 
win be doomed to failure. I have had a great deal of early enthusiasm for Dr. Wookey s 
procedure, but although I have had great success with function after the procedure the 
ultimate result has been disappointing. All patients have died of recurrent or metastatic 
disease. 

(Slides.) If we can relieve the patient so that he can swallow for the rest of his life 
that is probably aU we wiU accomplish. In this case we were fortunate in catching some o 
the barium going through the anastomosis. 

I think we should try the teclmique described here, but I am sure in my hands fl 
would be doomed to failure, as was the Wookey procedure, unless we can take out the regi 
ly-mph nodes. 

DE. JOBuST E. PAINE, Buffalo.—I should like to tell of one patient operated upon 
with minor variations of Dr. Wookey’s technique. This was a 53-year-old woman who 
been obstructed for three months. 
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(Slides.) This is Iho x-my fllm taken in 1W7 flliowliip the obstruction in the lowor 
portion of tho «^n-icnl esophagus. Wo usctl the Wookoy tcclmiquc, mnklng a flap on tlio 
front of (ho neck. It ■was excised down to tlio upper border of tho tldrd dorsal vertebra. 
The larynx was involve<l in this case, Tlireo biopsies had been reported as negative. At tho 
time of operation tho iialhologist mia willing to say it n neoplasm, but did not say 
wlint tho rhametor ^vas. 

This picture was innde thrci' months Inter. It in Imnl to indicate exactly where tlio 
anastomosis is. Tho segment extends from tho top of the tliird dorsal vertebra up to the 
pharynx. Tills is tho Into view after reconstruction of a skin tube. The Imrlum will be seen 
in tho sinus forn>e<l after tho second nporutioii. Four attempts were inndo at closure without 
success, and when the patient enmo Imck in ono week they liad closed of their own accord. 
After study of tho section, several pathologists have told mo it is some variety of sarcoma or 
endoUicUoma, but they arc not definite as to type. Several Ijinpli nodes wore reported os 
negative after removal, and I hope this {mtient Inis some ohanro of cure. 

This picture shows a trough througii which slio swallowed saliva. The second operation 
bridged this trough over. 


DU. RKTCKKIl.—I would like to thank tho discussors, and particularly Dr. Sweet, for 
his encouragement. We are, of course, unnblu to arguo fifrongly for this procedure on tho 
basis of only ono ease. Ilowovor, tho ontlmsiasm which wo admit is based on certain points 
which wo think aro sounds 

First, regarding tho enneor resection, wc feel that a bilatoml neck dissection and on 
bloc resection of tho esophagus is the only procedure that can logically be cxpoctod to offer 
ft reasonable chanco of cure. Of course, if ono decides that tlio disease Is octually incurable, 
ft view not toe unjustified. 1j>* suTNiMvl figures so far, and that any surgery is simply pBlliatlvo, 
aimed at allowing the patient to s^vaJlow comfortably for cls long as possible, then the nock 
dlttectlon can l>e dlsearde^l os a useless procedure. ITowover, wo disagree with this philosopliy 
and feci that we should continue to aim at cumbllity, and that time will prove tliat car¬ 
cinoma of the upper third of tho esophagus will not be controlled wltliout regional lymph 
node romovaL 


Tho teclioicpio of bilateral neck dissection cn bloc with tho esophagus ifl a perfectly 
fftQsiblo procedure anatomically, whldi wo hope to report In detail in tlie future. 

Poetericoid and liighor lesions con l>o handled in a similar manner, tho technical pro- 
codur© being somewhat simplified by tho sacrlDco of tJie entire ribbon mnsclo compartment 
and larynx, adth presormtion of parathyroid function being the only problem. It is our 
opblon, admittedly not entirely cryetaUitcil at this point, that oven the postcomcoid lesion 
should 1)0 handled as a combined corvicotJiomcie problem. This opinion is based on the 
necessity for wide resection of tho esophogus itself, occasioned by the extensive submucosal 
l.nnphBtic spread which wo have witnciwe<l and which has been noted by others. 

Second, regarding rosrtoration of the osopluigus, our cnthusinani, which romalns still to 
be juKtified, stems from tho following points, most of wliicli have already been covered. 


1. Tlio method provides a moans of bridging a gap by choosing the shortest distance 
between two points. 

2. The method provides the only means, to our knowledge, of preserving the propulsive 
ores of the swallowing mechanism, plus tlie peristaltic force of the distal esophagus, plug 

ft physiologic esophagogastric opening. 


3. The method provides for intrathomde reconstruction with tissue which has been 
^pared and for which the blood supply has been assured, rather than adth tissue, such as 
^jMum or stomach, wMch must be carried in n onn-stago procedure to tho poorly defined 
t of its blood supply and viability, and buried from sight. 

^ The method does not require the disturbance or displacement of abdominal viscom 
ftny way, except for the perfonnanco of a gastrostomy. f. 



TRANSTHORACIC SIMALL BOWEL SUBSTITUTION IN HIGH 
STRICTURE OP THE ESOPHAGUS 


Albert Wilson Harrison, M.D. 

Galveston, Texas 

T he construction of an ailificial esophagus has challenged the ingemxity of 
surgeons throughout the world. That this challenge 3'et remains is testified 
by the multiplicity of approaches and methods used and by the perennial ap¬ 
pearance of new techniques. A comprehensive summarj' of these techniques vas 
published in 1944 by Yudin^ of Moscow and his results in an extensive experi¬ 
ence with 80 cases reflected the gratifying progress that had been made. Since 
then Longmire and Ravitch’^ have demonstrated the use of transplanted small 
bowel within a skin tube and even the preservation of its blood supply by 
anastomosis to the intemal mammary artery. Rienhoff- has used small bowel 
transthoracically by reversing a length of jejnmmi hack into the chest and 
anastomosing it antiperistaltically vith the esophagus. 

It is in the hope of contributing a hit further to the solution of this prob¬ 
lem that the following cases are reported. 


CASE REPORTS 

Case 1.—P. H. W. (Fig. 1), a 3-.vear-old colored boy, bad bad a Janeway gastrostomy 
almost two years previously for lye stricture of tbe esophagus. Investigation revealed the 
stricture to be practically complete at tbe level of tbe ericoid cartilage (Fig. 3) and a 
attempts at dilatation failed. It was obvious that if be were to eat again, some form o 
substitution would be necessary. To this end three stages of operation were planned. la 
tbe first, through an abdominal incision, a segment of jejunum was prepared with one 
arcade of blood supply and isolated. Jejunal continuity was re-establiBhed by end-to-en 
anastomosis. The isolated segment was brought up through the transverse mesocolon, he 
distal end being anastomosed to the fundus of the stomach and its proximal end elos 
Two weeks later the left side of the chest and diaphragm were opened. The esophagus was 
dissected from the mediastinum and transected at the cardia. It was thea brougW on 
through an incision in tlie neck along with the proximal end of the jejunal loop. E.vcess 
esophagus was left for a few days to conduct saliva away from the neck wound. 

After this stage an unplanned gastroenterostomy became necessary to relieve an 
obstruction at the pylorus. Apparently this was due to the comhined effects of vago o^^j 
and bow-stringing of the artery to the displaced' segment across the lower stomacli. At 
third stage, two weeks following tlie second, the stricture was excised and the pliarynx 
opened to a diameter of 1.5 cm. by a posterior median slit. The jejunal segment was open 
and a two layer end-to-end anastomosis was made to the pharynx. 

A good result was obtained at first. The chest was clear (Fig. 5) and a 
swallow (Fig. 7) passed rapidly into the more tortuous bowel witlun the chest. Bap' 
vigorous peristalsis delivered it into the stomach in less than one minute. Witlun “ ^ ^ 
weeks, however, swallowing became more difficult and an attempt at dilatation resn e 
pneumothorax. Four months after the third stage the pharyngojejunal anastomosis 
excised and reconstructed with a much larger aperture. This time tlie child was disc lar 
home, eating normally. He still swallows well four months later. 

From the Department of Surgerj-, University of Texas, Medical Branch. Thoracic 

Read at the Twenty-eighth Annual Meeting of The .American Association for 
Surgery, Quebec, Canada, May 31, June 1, 2, 1948. 
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CUBE 2.—Cl B. (Fiff. 2), nlao n n-yi-ar-oM rolorod Iwy, Imd lm»l a Jnnnray puitrowtomy 
after drinkinp lye at about tlic a^o of 10 months. Barhini study shoaroil a eoniploto Blrlcturo 
of tlie csopliflpus joat aI>o\xi tlio nianuhrjum (FJg. 4). Opomtinn una done in tlirce atagM 
w la tlwj tint caw, but uith certain notulde dHToronccii. In tbe flrut atngo tin* ifiolatcil loop 
mu broapbf up beJnnd llie atoroncJi anil out tJirougli tlic giiatroljepatic omentum, and in the 
eccond stago the vagus ncn’on wore carefully prtucrA'eil. The PBOphagus Itself was unusual 



1 . 


owraS: ' 1).—PliotOETOph ahowlnc coatroatomy amt *car» of tlm various utagoa of 

^5- 2 (Com J>,—Photoffraph i'tjoa'Jnff lateral vien*. 


a that it liad Womn oblitomted and rciluceil to a flbroun rord in tlio thoracic inlet. Finally 
‘ orln^ tlio diaaoction it polled out entirely. An artiflcial opening vms made up tliroogU the 
c^n-ical mediastinum and tlie end of the loop was Iniplantej alongvide the upper esophageal 
• ^ third stage the uj>per enoplmgcal pouch was found to l>e quite large and 

^ with wads of chewing gum, food, and other matter. To obtain a sufficiently wide 
onaitomoslii hero was no problem. 
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Postoperatively the chest was clear (Fig. 6) and the harium swallow (Figs. 8 and 9) 
dropped more or less straight to tlie lower thorax where peristalsis in the lower coils rapidly 
passed it on into the stomach. The patient was discharged in one month after operation, 
eating normally'. Plans were to leave the gastrostomy open for a test period of one year or 
so before closure. 



Fig. 9 (Case 2).—Lateral view showing bowel fairly straight in upper mediastinum, coiled 

lower. 

From these histories it is evident that three principal mistakes iveie 
in the first ease. (1) The antegastric transposition of the jejunal segmen^ 
resulted in obstniction in the antral region of the stomach. (2) Vagotomy a 
the time the esophagus was resected rendered the stomach atonic au con^ 
tributed to the obstimction. (3) The anastomosis at the pharyngeal junc loi^ 
was made too small because of fear of interfering with the 
srwallowing, whereas subsequent observation showed this danger to m 
theoi’etic than real. There were no significant complications other than t le on^^ 
mentioned. The thoi’acic duct fortunately was not encountered in eit 
and the recuiTent larymgeal nerves were carefully avoided. The distal esop a^^^^ 
was resected both times to eliminate a potential source of danger m 
mediastinum. All wounds healed per primam. 

TECHNIQUE 

Tke problem in the first stage of such an operation is to isolate a segment 
whose blood supply will have adequate length to reach the neck without un ne e 
without too much redundancy of bowel. To accomplish this a long artena area ^gy^gy 
lished by sacrificing as many intermediate radicals as seems necessary ( tg. ^ is 

no more than one or two main jejunal branches. As shown m the / jj upward 

transected proximally where the secondary radicals are longest so as to give m 
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off«t of bo^el alon^j blood ffU|)jdy, (hcroby adding* lon^ftli to the prnxlmnl end. Tho dlstnl 
end on tlie other liand should 1x5 cut as short ns blowl mipply to tho renininlnR jejunum ^vill 
permit. This serves to minlmiio rcdundnnry In the isolated sepraent, whieli Is iilvra>Ti a 
problem. The proximal artorinl supply is not dlvldtnl ns in tho dmwlng until tho second 
stage. 

Tho loop is brought up through tho tmnsverso inesoeolon, tho Iciiser peritoneal wic, and 
the gnstrohopntic omentum where it is fixwl to preserve maximum length nhove this struc¬ 
ture. The proximal arterial mdicnl is taggml for ready identiflention later. Tlic eontinulty 
of the remaining jejunum is re-eslnblishetl by end-to-end anastomosis. 



rtf. 10. Ftc. 11. 

10-—rinn for flrst stnoe of opomtion sUowInir Ijow bowel will offset upward on blood 

11*—First stnBO coninletod. Isolntrd seipncnt Is nrtuallj- colloil and covered with 
veil or ontentum to prevonl adnasfnns. lYoilninl ami of arterial arch Is not divided until 
tlie «eeon«l stn^o. 


The distal end of the jejunal loop 1 h anastomosed to a fairly large circular ostium in 
the fundus of tho stomach mado by excising n colnllke portion of its ^mH. The prorimnl 
end of tho loop is dosed. Tho loop is tlien coilcil up, covered vritli a veil of greater omentum 
to prevent adhesions, and left beneath tho diaphragm (Fig. 11). 

In the second stnge the chest Is opene<l through the seventh interspace and the din- 
phragm opened anterolatemlly for a short distonco from tho esophageal hiatus. Tho segment 
of jejunum 1 h freed with extreme care to ovoid tearing away seromuscular layer. Tho 
prounml arm of the arterial arch wliicli was taggwl predously Is divided and the roesentery 
dissected along the remaining vascular supply to remove i)eritoneum, lymph nodes, and other 
tiwucs restricting length. Care must bo token not to place tension on the vessels which 
^ Rht injure them. Tlip \'agiis non-os arc mobilixed from the esopliagns and prcfwrved. The 
esoplingoa }g freed from the mediastinum und tmusccted at tlie cardia. The oi>ening in the 
stomach is closed securely to permit early feeding. 

An incision is made along the anterior l)order of the left steniomnatnld and both tho 
etojiliagus and the upper extremity of tho jejunal loop are drawn out the nock with os little 
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tensioii as- possible. Tbe jejunal segment may pass on wMcIiever side of the aortic arch 
that seems best. The loop inside the chest is straightened as well as possible and the excess 
is replaced in tlie abdomen where it is fixed as the diaphragm is closed. Penicillin is left 



Fig. 12.—Second stage completed. Segment of bowel Is much more tortuous than shown. 



Fig. 13.—^Anastomosis of esophagus to jejunal segment is complete. 
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in the plouml »pnoc tind two or raoro Intorcoetiil druinape cnthelora oro employed for a few 
days to inaurc early and complete re-cipanaion of tho lunp, TIio reanltinp picture appoara in 
the drawing (FIk. 12). 

After the mcdiaatinnl apaco la well aealed, tho anaatonioala can he made in the neck 
without fear of possible leakage (Pig, 13). The anastooiotic aperture should be made aa 
large aa possible by Iwroling or porno aueh device. A small rubber tiasuo drain should prob- 
ably be left in the retroesophageal apaco poatopemtlvoly. 

mscus.stoN 

Although two cnscs reprcRcnl a very limiteel expcrionce, eertniu cssentinl 
fpntiiro.s Jinvc hceii oh.scrvctl to eontrihiilc nio.sl direcll.v to the oiitrome, (1) In 
tho first .stngc the jojuiinl loop nin.st he enrefiilly ])lniincd to obtain maximum 
length of blood supply and minimum length of bowel on it.s distal end. Al¬ 
though it has not been tried, it would seem fea.sible even to sacrifiee some of 
the redundant portion of bowel to gel a “ali-niglit .shot” to the slomaeh. (2) 
The loop must be tninsiilnnled liebind both colon and stomach to take full 
advantage of tho length of the arlerj’ and to avoid obstruction to stomach or 
Iwwcl. (3) The loop is elo.sed at its proximal end and anastomaseel to stomaeli 
at its distal end at the firsl stage to avoid contamination of the mediastinum 
during the .second stage. (4) A fair-sir.ed coiidike portion of the stomaeb 
should lie excised for auastomosis to insure adwiuate centrifugal inill by 
gastric musoularis for maintaining paleney. (fi) Kxtremc gentleness and cni'c 
are uccossary at all times if adlicsious arc to be avoided. (C) The vagus noiTes 
should be presetwed if nt all iwssible. (7) The blood supply should bo carefully 
liberated to its fullc.st extent by disserting nwa.v jicritoneum and lymphatic 
tissue. (8) Closed drainage of the pleural space, posloperativel.v hastens 
closure of tho mediaslinum and jii'cvcntR infections. (0) The third stage is 
delayed until tho mediaslinum Ls well sealed so theie will be no danger .should 
tho cervical anastomosis leak. (10) And finally the anastomosis in the neck 
should bo ns largo as feasible. 

The advantages of this niethml seem to be ns follows: (1) Tho blood 
supply to tho transplanted loop is routed tbiwigh the .shortest moat direct path 
to tho neck, thereby creating lc.ss difilcully in obtaining adef|uato circulation. 
(2) The sub.stitute segment of bowel Is shorter and straighter and the ingested 
bolus “drops” more rapidly to the stomach. This avoids the relative stasis of 
longer segments. (3)'The loo]) is Isoperistaltic and responds well to tho 
.stimulus of distention. (4) The stomach rotaiiis its normal function regarding 
both capacity and digestion. (5) Two potential danger points, the anastomosis 
sites, arc outside tho chest and thus moro accessible if difficulty should arise. 
(6) The gastrostomy is not disturbed throughout the entire procedure so that 
there is alwayTi a satisfactory moans of maintaining nutrition. (7) Last but 
not least the cosmetic effect is much more satisfactory. 

SUIIMABT AND CONCUUSIONg 

Two case reports have been presented in which complete lye strictures of 
the cenical esophagus were treated by trausthoracic substitution of a loop of 
jejunum for the esophagus. The three stages of operation for this have been 
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described and the essential features pointed out. The advantages have been 
enumerated, the disadvantages being taken into account. So far the results 
have been veiy encouraging and further trial seems indicated.* 
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DISCUSSION 

DB. HEBBEET WILLY MEYEE, New York.—This intere.sting paper of Dr. Harrison’s 
is an important contribution to the surgerj' and reconstruction of the esophagus. The intrn- 
thoracic use of a single tube of jejunum to replace the esophagus is a real advance. In 
1940 we had to resect the lower thoracic esophagus together with a total gastrectomy for 
carcinoma. An intrathoracie esophagojejunostoray was employed to re-establish continuity 
of the intestinal tract. A double-barrel loop of jejunum was brought up into the thorax 
with an enteroenterostomy lower down witliin the abdomen. The Eoscoe Graham type of 
anastomosis was employed. There was dehnite tension at the suture line. We briefly re¬ 
ported this case at the Toronto Meeting of our Association and the case was published in 
Surgery in 1942. I should like to present one lantern slide to show the functioning anas¬ 
tomosis four months aifter the operation. Dr. Churchill at that time stated that he had 
performed a similar operation but the patient unfortunately did not survive. We both had 
found that there was a good deal of tension at the site of the anastomosis if a double-barrel 
loop of jejunum was employed. 

Dr. Harrison’s method of using only a single tube of jejunum is a real advance and 
completely overcomes the objection of tension at the anastomosis. I am certain that this 
newer and better method will be employed frequently in performing intrathoracie esophago- 
jejunostomy. 

DE. EICHABD H. SWEET, Boston.—I hesitate to address you again, especially after 
such a brilliant procedure which is far better than any of my ovm experiences in this field, 
but I would Eke to tell you that I have also been trying to “out-EienliolT Eienhoff.’ 

(Slides.) This was another example of the use of the jejunum in the mediastinum, 
and I am absolutely convinced that that is the proper place for it. I think it is fax 
superior to any external esophngoplasty of any sort whatever, especially using the jejunum. 
Tlus was a case of lye stricture of the esophagpis involving the entire esophagus from le 
pharynx down. 

This is the resected specimen and, because of my preference for one-stage operation., 
I performed this in one stage xvith two phases, the abdominothoracic as the fir.st incision, 
freeing a loop of jejunum, bringing it up and then after a sufficient quantity of jejunum, 
had been obtained, closing the chest incision and making the cervical one. This shows 
swallow of barium going down through. The operation is not an easy thing to acconip is i, 
and I am sure Dr. Harrison’s method has certain superiorities. This loop was brought up 
aud after transection the proximal end was implanted low down into the distal portion ). 
the Enux type of procedure, "nie other end was used for the pharyngojejunal anastomosis. 

The reason I did not use the stomach in this patient was that she had had the antrum 
resected because this lye had not only burned the entire esophagus but had also produc 
stricture at the pylorus. She had had a partial pylorectomy which made it impossib e 
mobilize the stomaclu 

•At the time of this publication, one year later, both patients ent well and are appa 
ently without complication or difficulty. 
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Dlt. 'W'IIjMAM F. ItlKNHOFK, Baltlmoro.—Wo hnvc Imil tlirco iraccoraful cnscfl of 
intmtliomrlc tnin^plfintutJon of tlio jojunuin followinf; rc»*Oftlon of tlio osoplinpuB and I 
intend to use HiIh nicthotl more frcf]tiontly in the* future, for the simple reason that the 
jejunum, from the standpoint of lengtli a\*nilablo, pre\*ents dlfRcultles and the size of the 
eventual tul)e Is l)etter suited to lake tlio plneo of flie esopUnjius in the medlnstinum than 
pullinp up the bulky stomneh. 1 \nis wry nuirh intoresteil in J)r. Harrison’s presentation and 
Dr. Sweet’s diseusslon. Dr. Harrison's leaving tho first bninch of tho ^iisn roctn jojunnlls 
may have a very imjwrtnnt role in preventing searrinp nml curling of tho jejunum which is 
left In the abdomen following mobillTafion. Dr. JUaloek, some years ago, suggested to mo 
that it would pcrlinps Ik* l>ettcr to leave the jejunum in tl>e alKlomen for a few days after 
mohnixntion by cutting the first, second, nnd tUlnt recta jejunalis, dividing the proximal 
end of tho jcjuimm just distal to tlio ligament of Treitt. Ilowovor, it was foond that when 
this was done tho jejunum Ix-cnme curlfNl and the vascular eomb \ms shrunk and Rcarre<l 
to the extent tliat it was very dlfheult to afTeet a thomeic bridge or spread out the jejunum 
snfiiclenlly to bring it into the chest cnvlty. Attempts to straighten the jejunum would 
often ti'nr tho mesentery and rrmdt in Interference with circulation to the bowel. These 
patients wore reported in the Southrru J/cf/iVnI Jouranl in Decemljor, 304fi. 

A revoraed Roux loop, leaving the first vessel departing to the jejunum from the 
superior mesenteric artery, wna {ferfonnetl by me anti left in nt this time. This left the 
first nrterj' intnet, as suggestetl by Dr. Harrison. I’erliaps some form of transplantation of 
vessels intii the mesentery of the jejunom Intmtliomcically might he the answer to tho 
problonu 

The diniculty in using jejunum heretof«»re has certainly l)ecn one of interference willi 
circulation to the bowel. In a patient reportctl by Dr. William Longmirc, in which he did 
a subcutaneous transplantation of tl»e jejunum, (he Intcmnl nmmmary artery was suturerl 
to one of tho jejunal vessels of the wsculnr comb. This method, however, on account of 
tho very snmll (rmmeter of the vessel would prolmbly not l)e practical in the majority of 
cases and, furtliormoro, such a vessel could not Ik* used IntmJlioracIcnlly because not enough 
length could 1» ohtalnod. If the circulation of the jejunum is maintained, and I think it 
can Ire, tliero wonld seem to Iw no question of a doubt as to tho desirability of the use of 
jejunum in preference to the stomach. 

DE. CDARENOH CRAFOORD, ytockliolm.—I do not know if information is n\-niInbIo 
in this coutf)* about tlio work tliat Yu<lin In Mowow him done in this field. 1 have not l)een 
able to obtain any ncciirate information ro\*self, but from Ruasliin surgeons who have rislted 
HtocVliolm I liavo hcanl tlmt lie has now done between 200 ami fiOO operations of this t.V]>e, 
anastomosing tho jejunum ^vith tlio esophagus ns high up in tlie nock as tlio phar^mx. In 
tills numlior are Included, I have iKien told, both cases done in many stages and ono-stngo 
procedures, botli in front of the stenrum nnd Inside the cliest. Ho has also tried tho same 
metiiod that Dr. Harrison has descrllKHl, but ho has found that later on in these stumps, 
transplanted into the plmiynx, there has devclojMMl severe irritation oven with uleoretions, 
so lie now strongly advises not to anastomose the jejunum Avith the stomach. Ho advises 
letting the food go directly from tlio mouth Into the jejunum, excluding the stomaclu 

I liavo porforraod only one of these oporations, and it was Rstonishing to me to see 
how long a loop it atob possible to obtain adth very good circulation by dividing tlie vessels 
after the method shown by Dr. Harrison. Ono con divide four or five branches and get a 
loop that Is nlMJut 75 to 100 era, long, which corriaa up into tho nock without difilcnlty. 

dr. OWEN H. WANGENSTEEN, Minneapolis.—Dr. Harrison’s report has boon very 
stlranlating. Tliero is an additional mnneuvor that may bo implemented to insuro a better 
arterial bloo<l supply to the jejunal loop swung up into tho thorax, a procedure which I have 
employed several limes ns an auxiliary to total gastrectomy, with tho tliouglit In mind that 
tho capacity of tlio now Jojunnl reservoir for food would Imj Incroasc<l tlieroby. The tccli* 
nlque consists In donudlng the superior mcsontoric artery nt Its root from Gio aorta from 
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tlie overljong adventitious tissue; in other words, the superior mesenteric ganglion is re¬ 
moved. Tliis procedure should not only delete the anastomotic arterial channels of the 
small intestine but should, at the same time, diminish the resistance to distention of the 
loop, thereby, theoretically at least, making it possible for the patient to eat larger meals 
without experiencing intestinal colic. 


I have had no experience with the procedure described by Dr. Harrison of bringing 
segments of jejunum up within the thorax. Whether one should anastomose the distal end 
of that segment to the fundus of the stomach as Dr. Harrison did or re-establish continnitj' 
by an end-to-side jejunojejunostomy, as Yudin does and Crafoord prefers, is difdcult to 
decide. An isolated gastric pouch into which neither food nor saliva make their way may 
invite a duodenal ulcer; on the other hand, may a jejunal ulcer develop at the new jejuno¬ 
gastric anastomotic site if the new esophagus (jejunal segment) is anastomosed to the 
stomach?. In other words, both procedures leave questions unanswered, to be resolved only 
by time and more experience. In defense of the operation as Harrison did it, there is at 
least this consideration: a jejunogastric inlet anastomosis probably does not invite a stomal 
ulcer in the same degree as a gastrojejunostomy outlet, because in the latter instance the 
stoma is an important outlet for the acid-peptic digestive juice, whereas, in the instance of 
the jejunogastric inlet anastomosis, there will be only occasionally regurgitation of gastric 
juice into the proximal jejunal seg^ment. Whereas Dr. Harrison believes it best to leave tlie 
vagi nerves in order to avoid gastric retention, vagotomy by reducing gastric secretion may 
diminisli the hazard of a stomach ulcer. If a vagotomy is done, a pylorotomy of the Eamm- 
stedt type probably should be added. 


There is an additional comment which I should like to make with reference to tlio 
nature of so-called idiopatliic esophagitis and stricture. The experience of our surgical 
clinic until the management of these lesions suggests that esophagitis is a manifestation of 
ulcer disease. My associate, Dr. N. Logan Leven, and I have now observed six patients in 
whom gastric resection did away with the nece.Msity for continued dilation .of an esophageal 
stricture. The first patient was observed in 1930; an extensive gastric resection was done 
because of massive liemorrhage for a duodenal ulcer. During the previous five years, the 
patient’s esophagus had been dilated more than 100 times. After a few dilations following 
gastric resection, the necessity for dilating the esophagus disappeared. During the mterven 
ing years, five additional patients with esophageal stricture liave been treated similarly wit i 
equal success. Some of these patients have had an accompanying ulcer, others have not, 
one patient had a corkscrew-like stricture of the lower esophagus associated with ^ con^ 
genitally short esophagus. I am now considering the idea of exploring the possibihty o 
whether the dyspliagia of cardiospasm as well ns tliat of bona fide lye stricture (of t le 
lower esophagus) also may respond to gastric resection, on the thesis that an active aci 
peptic secretion may continue an established vicious circle. 

Moreover this much also probably should be said: the esophagus undoubtedly is mor^ 
susceptible to injury by the acid-peptic digestive juices than is the stomach or ^ 
duodenum. And if the esopbag;us rather than the duodenum were the gastric outlet, 
believe that every patient with an active gastric secretory mechanism would have an 
peptic ulcer in the esophagus. Work now in progress in our experimental laboratory s i ^ 
definitely the greeted vulnerability of the esophagus to injury by the gastric secretions. 
a dog’s duodenum is obstructed just beyond the pyloric outlet and histamine is 
stimulate gastric secretion, esophagitis with perforation is a common, sequel, whereas 
stomach in the short postoperative survival period appears to escape unscathed. 


DB. HAERISON.—It is indeed gratifydng to hear the encouraging comments o 
distinguished gentlemen. In answer to Dr. BienhofE’s question, certainly the bowel is 
to shorten and become adherent, and tlie mesentery contracts. The purpose in very 
fully wrapping tliis loop of bowel in available omentum is to prevent these 
seemed to me in these two cases that by carefully dissecting the mesentery an ^ 
away the restricting -tissues the loop should gradually straighten out to the necessary 
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POR ATRESIA OF THE ESOPHAGUS 


CONKAU R. Laji, M.I). 

Dethoit, jMicii. 

I N 1943, Ilniglit iind TowhIc.v' reported tlio first, siirecsstul surgical repair of 
congenital atresia of the esophagus by a single mediastinal operation. Since 
then, there has been gcnenil agreement that this jjlan of attack is far superior 
to the muIti])lc-.stago i)rocednre which resulted in a fair iiumhor of snndving 
children, most of whom, however, carried salivary fistulas and gastrostomies for 
a long time while they waited for the final construction of the nnlcthorecic 
esophagus. Tlio improved prognasis in infants treated hy primary end-to-end 
anastoniosLs is illustrated in Swen.sonV excellent .scries. He was able to com¬ 
plete tho operation in thirty-two nut of thirty-seven cjiscs, and, of these, twenty- 
seven sur\-ived. 

In my series of thirteen infanta, it was passible to ))orform a presumably 
sidLsfactory anastomosis nine times. Only three of these hahics sundved; tho 
unsatisfactory results were due to breakdown) of the anastomosis four times and 
ancsthotio difllcultios twice. Of the four hahics who did not have an end-to-end 
nna-stomosis, two died in the immediate postojutretivc period following intrn- 
mcdiastinal ligation of the fistula, and futile attempts to coinicct the scgn)ents 
of tho osophagiis. Tho other two childi'cn have had the continuity of tho ali- 
nicntaiy tiiict estahlislu'd by the construction of an 00101110111010 esophagus when 
they were relatively .voung fat ages 27 months and IR months), ft is with tho 
surgical prohlom of completing such multiple-stage preeediires that tliLs iiajior 
is conecnied. 

As will he seen froni the case reiHirts, the .sc(|ncnco of events differed con- 
sidcrahly in the two infants. Nevertheless, the final anatomic situations w-erc 
identical, and the following gcncrul plan of inanagcmcnt was evolved. If ap- 
liroxiniation of the two si'giiicnts is impossible at tho time of the mediastinal 
cxiiloratioii, tho lower segment is dctnelicd from the trachea, ligated, and allowed 
to retract towaiil tho ahdonien, and the tracheal opening is closed (Stage 1, 
Fig. 1). Two days later, if tho condition of tho infant warrants, tho upper 
segment Is exteriorized in tho left clardeular region and is opened to imi-mit sham 
swallowing (Stago 2, Fig. 1). The third stage follows shortly; it consists of 
inobiliiation of the caidinc end of the stomach and the lower esophageal segment, 
tlirongh an abdominal approach. Tho segment is cxteiiorizcd through a skin 
tunnel, the end Iming brought out as high ns possible on the chest wall (Stage 3, 
Fig. 1). Feedings through this asophagostomy are carried out dming the ensu¬ 
ing year by the intermittent insertion of a catheter. Snch an csophngostomy is 
better than a gastrestomy, bccau.se tho intact cardiac S])hinctor retains the 
stomac h contents after tho removal of the tube and there is no excoriation of the 

^Tom tho Division of Oeneml Surterr of the Henry Ford Hoapltal, Detroit, lllch. 

"’u Twonty-Hlghth Annunl :Me«tJnir of The Amertcan Awoclatlon for Thoracic 
ourcer>, Quebec. Cajia^a, May 31, June 1, 2. 1948. xnoracic 
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skin. Carter® suggested such use of the lower segment, but in his one case, an 
abdominal operation onlj’’ was done and only that part of the esophagus Yhich 
could be draum down through the esophageal hiatus was available. The infant 
lived only a few weeks. It may be significant that there is no record of an 
idtimate sumdval when a blind esophageal pouch has been left attached to 
the trachea. 



Casf 1.—T. E. A preliminary and a progress report on tliis . j 1043, 

previous communications.^ s He Avas born in the Henry Ford three 

and the diagnosis of atresia Avith tracheo-esophageal fistula was m operation, 

days old. Because of the high mortality then associated uith 
I Elected to do the multiple-stage procedure, although I have no doubt 




Pic. 1—fltcpa In the fommtion of a dermic tube to connect the two eeoplincoetoniloe. This Btace may be begun when the child Is 1 year 
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operation would have been anatomically feasible. On August 4, under drop-ether anes¬ 
thesia, the stomach was transected as near the cardiac orifice as possible and mnshroom 
catheters were placed in the two parts of the stomach. The one on the pyloric side ivas 
used for feeding and the one on the cardiac side was used to drain the remaining lower 
segment of esophagus. Such a procedure was once used by Gamble,s whose patient died 
on the twelfth day from perforation of the stomach. It was similar in principle to a plan 
followed by Levenr on a child who is now the oldest patient to survive any kind of attack 
on the anomaly. 




Pig. 3 (Case 1).—Photograph taken after the first attempt to bridged 

the upper small defect (arrow) and the larger lower defect which has been temp 
with a piece of rubber tubing. 


On August 18, the upper segment of esophagus was exposed through nn mcisi 
the anterior border of the left sternomastoid muscle, and its length was sue i t in ^ ^ 
could be exteriorized through an opening in the skin below the clavicle. (Stage 
At the age of one month, he was discharged to home care. The plan was to a ow^ 
attain the age of one year before anything further was done. However, on 
he was admitted as an emergency case because he had coughed up some foo w 
been placed in the distal gastrostom}'. It was obvious that a fistula had forme 
the two portions of the stomach, and it was urgent to disconnect the lower segnie^ cavity 
its fistulous connection with the trachea. On January 21, I opened the left P finger, 

through the seventh interspace. The esophagus, which was the size of the ^cuPly 

was picked up and traced to where it joined the trachea at its bifurcation. "^eppize'd 

ligated at this point and cut. The diaphragm was opened and the cardia ^as 

by cutting the short gastric and left gastric vessels and the end of the esop ^a 
brought out through a stab wound in the left lateral abdominal wall. t 
brought to its final location on the anterior chest wall because the two jlic 

in the way. On February 11, the continuity' of the stomach was re-esta^ jfermittent in- 
two gastrostomies closed. Feeding was now easily accomplished by the ui e 
sertion of a catheter into the lateral esophugostomy. On February 19, he was 
again for home care. 
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On Aup. 10, lOll, wlion ho wiip a Jhlle over 1 j'car old, ho was ndniittcxl for the con* 
Btniction of the untothomcic cpophuRUP. Ah n flrnt atop, the loucr PCgTiiont of epophagns 
wna moved from Ita poaWion on the Inteml abdominal wall to a point above and to the 
left of tho xiphoid. Thus, the altuntion in Stngo 3, Fig. ] wap not necompliHhod in thla 
patient until ho waji a year old, Ou September 8, nn uttemiit wna made to construct a 
skin tube connecting tho two esophogoHlnniicH according to stepB A, B, and C in Fig. 2. 
Duo in part to malnutrition, the skin of the cheat wall wna so loose that I yielded to tho 
temptation to close the triangular defeetH soon at cneh ond of the tul>o in Stop C by con¬ 
tinuing the linear suturing until tho oiitlro raw surface of tho tulx) was covered witliout 
the use of free or pedicle grafts. Tho result looked very good immediately after tho 
operation, but ou the fourth day, there was <nM*nlng up of the tul>o at tho lower end for a 
distance of several centinHders. The innin factor in this Jippcorod to l>e adherence of tho 
two suture lines, with the result that jmll on the external skin also tended to pull tho 
suture lino of tho dermic tube apart. For thin reason, it has been indicated on Stop C, 
Fig. 2, that if such u closure is oontemplnfed, the suture line in the dermic lul>e should he 
eccentrically placed so that it will not lie inimedintely under the outside suture line. 



P1& 4 (Cn*e 1).—tubed pedicle Is being utlllxed to cover the lower defect. 

The appearance of the nlidomliml wnll after this atngo in shown in Fig. .'t. In addition 
to tho largo lower defect, there was a nnmll leak higher up. Further attempts to complete 
the talx* wore postponed until tho llnsuos were nofter. Tlion on Februnrj' 6, tho lower 
part of the tube wan elos<Hl again, and the raw surface wan covered with a dermatome 
graft. This stage was also a failure, and it l>eenme obvious tlmt nothing nhort of a sub- 
Btantial pedicle graft would give i>oru\anent closure, O.onsc<iucntly, on February 10, a 
P^lcle wan raised on tho right side of the abdomen, and on Afarcli 6, this was used to 
cover the lower part of tho dermic tube which wan formed for tho third time (Fig. 4). 
On April ^0, the pedicle was cut loose from the right side of the abdomen and the excess 
tube wag attached at a point higher on the chest in order tlmt the part not needed for the 
lower defect could be used for a patch over the upper defect. This procedure won done 
on May 18. The upper opening did not remain cloned, and it was utilized os an opening 
through which to dilate both the upper and lower esophagodermic Junctions with olive- 
t pped dilators (up to size 8 common duct dilntom). The stricture at the lower junction 
Vfos so tight that on September 7, Its i»ostorior aspect was exposed and it was corrected 
T a plastic procedure, a longitudinal iueislon l>eing closed tmns^’ersely. Dilatations were 
continued by passing the dilators through the upper opening until it appeared that a 
•‘factory lumen would bo maintained. On Nov. 15, 1945, tho edges of tho upper open- 
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ing were freshened and it was closed b 3 ' suture. This was the last of twenty trips to the 
operating room. There has been no leakage since, and the child has consumed a full diet 
at the family table -without interruption. Fluids and soft food are ingested readil}-. 
When eating solid food rapidlj', he sometimes gives the external esophagus a quick push 
with his wrist. His development has been normal in everj' way. 



Fig. 5 (Case 1).—Patient at the age of 5 years, showing completed antethorncic csophatu 

Case 2.—E. L., a boy (Case 7 in a jirevious communication'*), was bom on Deo- 
On December 11, the diagnosis of atresia and tracheoesophageal fistula was made, 
immediateli' explored the mediastinum. The fistula was closed, and an attempt was 
to form an end-to-end anastomosis, but the gap between the segments -was too great. 
lower segment was allowed to retract toward the abdomen, and the opening 
been made in the upper blind pouch was closed temporarili'. (Stage 1, Fig. 1-) 
days later, the upper segment was exteriorized in the clavicular region (Stage 2, 

Two days later, a transverse incision was made beneath the left costal margin and a 
section of the short gastric vessels, the left gastric artery and the vagus nerves, the of 
segment of esophagus was drawn out of the hiatus and brought through a subcutaneo^^ 
tunnel to a point to the left of the midline of the chest. (Stage 3, Fig. 1-) I*- 
noted that these three operative procedures over a period of a week accomplished t^ sa 
anatomic result that five operations over a period of one j'ear did in the first ease ( 

On March 18, a hernia of the left subcostal incision was repaired, and at 
time, a small pedicle was raised on the left side of the abdomen. This was on } 

4 cm. in length, but it became necrotic in the middle. On August 14, an attempt was ni 
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to construct tlio tlomiic tube. Ah in ('nso 1, the »kin of llio n<ljfieent choHt wall wofl ho 
looso that it coulrl bo brought o\cr the tnlio without obvious tension, and no pedicle 
gmftfc were utilly.od. However, na n safety factor, relaxing incisions wore made nt each 
end of the tube. Again, tho tube oponed up, this tIn»o nt both ends, leaving a tunnel 
between. This tube was dilnle<l b^- pnssliig olive-tipped dilators In Iwtli directions. On 
Jan. 0, 104G, a tubed pwliele from the left axillary region wns used to cover tho upper 
defect. Before healing wns complete, n slrieluro developed in tho end of tho upper eso¬ 
phageal Bcgmont, and a sinnll plastic proceilure was carried out. The closure of tho lower 
opening wns delayed to permit occnsituiRl dilatations of tlio upper part of the tuiie, and 
on Jlny Ifl, ]t>47, tho lower defect was covered with a pedicle from tho riglit able of tho 
abdomen. Tho /Inal opomtlvo procetlure wns on .lime P. There lind been a total of eleven 
trips to tho npomting room. Twice since then n sranll area of infection has developc<l in 
the snlure nt tho medial nnd lower part of the tube. Tills has been followed by some 
leaknge of fluid, but each time the opetiing closed apontnneously in (wo Avcoks, The tube 
has been water-tight for four months, nnd tlio child Is eating nornmlly (Fig. 7 ). 



, FJc. 6 (Case 2 ).—Patient at tho ase of 2 niontlis. tfpper nrrow points to cervical esoplia- 
jawwimj’ which permits sham swuUowlttg:. The lower citrow points to tho lower esophajrostomy 
^hlch a catheter Is Insortod at foedinff time. Note the absence of skJn Irritation 
irom dIffesUve Juices, ususlly present with a Eostrostoniy. 

Tberc arc other metliods of constructing an antotlioracic esoplingus, many 
of which are rctiewod by Yndin.' Ladd” constructed a long dcnnic tube to 
TOnnect tho cervical esophagostoiny with a gnstixistomy in tlie epigastric region 
nt several patients. This wns sncccasfnl in at least one case, a girl who is now 
nearing her ninth birthday. Later, Ladd nnd Swenson'° indicated that they 
had become discouraged with a metliod wliicli involved the anastomosis of a 
skin tube directly to the stomach and recommended the tise of a jejunal trans- 
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plant to connect -with a short dermic tube. With this plan, food completely by¬ 
passes the stomach, at least a theoretic objection. The group at the Children’s 
Hospital in Boston have not remained enthusiastic about jejunal grafts, because 
in a recent article, Gross“ had the foUovdng to say with regard to Yudin’s 
method in adults: “In our clinic, attempts at similar jejunal ti’ansplantation ui 
children (for the treatment of esophageal ati-esia) have been troublesome or have 
failed because of the shortness of the loop which can be brought up onto the 
chest or because of insufficient blood supply (and sloughing) of the limb.” 



Fig. 7 (Case 2).—Patient at the age of 2% years, with completed antethoraclc esophagus. 

Longmirc and Eavitch’- have devised a method of mobilizing a eonsideiablc 
length of jejunum by transplanting it into a skin tulie raised in the left a 
dominal region, and later stepping this up into position on the chest. They vciu 
successful in one adult with a chemical stricture. The same method was u^ 
connect the two esophagostomies of an infant Avith atresia who had ha 
prelirainai'y stages thirteen months previously. This patient died at tlie age^ 
34 months, at which time there was still a fistula at the site of the esop iflc^ 
jejunal junction. 

Eienhoff^” recently i-eported two cases of atresia in which as a 
operation he had dmded the esophagus at the diaphragm and mobilize 
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stomnch so well tlmt tlie cni'dinc cml could l)o broiiglit up tlirough a skin tunnel 
and anastomosed directly to the upper csopliagostomy without the intcn'ontion 
o[ a dermic tube. A ))nticnt opcmterl on in 1941 lived one year and died of 
“staph, infection and diarrhea.’’ llis second patient also lived one year and 
died of diarrhea and a rcspiralorj- infection. 

Still more recently, Sweet" deserilmd a now method by which ho had com¬ 
pleted the multiplc-.slage operation in a ‘21-inontli-old Imy by bringing the mobil¬ 
ized .stomach up through the ehe.st and out to the loft side of the neck through 
an opening made by i-c.seeting a i>ortion of the left elaviclc and fiisit ril). Ho 
felt that the result was genemlly satisfactory, hut tlic early ivport.s indieattsl 
an unsatisfaetorj- weight gain. 

BUMMAItV 

In tlio management of two infants with atresia of the esophagus in whom 
the superior operation of direct annstomoaia was not earned out, it was found 
to bo advantageous to exteriorize the lower .segment for feeding during the first 
year. Plastic procedures to eonneet this csophagostomy uitli tho upper eso- 
phagostomy with a domiie tulK" wei-e completed in one child when ho was 27 
months old and in tlic other when he was 18 months old. nisappointments 
encountered during the eonstnietion of the tubes probably could have Ixgin 
avoided by tho use of pcelielo grafts to cover the denuded areas. The function 
of tho antethoracic osoidiagus in these eases a|)i)enrH to bo ns .sntisfactorj' an that 
obtained when more complicated proeedurc.s, sueh as jojunnl tian.splnntntion, 
are utilized. 
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DISCUSSION 

DB. EICHAED H. SWEET, Boston.—If you -will bear ulth me once again I ivill 
promise not to discuss another paper. I am much interested in Dr. Lam’s experiences, 
which are about the same as we have had. The construction of an external esophagus from 
a skin tube is a tedious procedure. As he did, I have likewise tried pulling the stomach 
up for use as the lower end of the external esophagus. I would like to make a suggestion 
as to how this may be handled differently. 

(Slides) This illustrates how I have handled these cases. A thoracic incision is 
made and the diaphragm is opened. The gastro.storay is closed, and the stomach pulled 
into the chest. After closing the thoracic incision, the proximal end or fundus of the 
stomach was brought up into the neck through a cervical incision after resection of a 
portion of the clavicle and a portion of the first rib ns shown here. 

This has been done in two infants, one about a year ago and one five or six months 
ago. They are getting along normally and beginning to develop. This is a one-stage 
operation and obviates the necessity for mechanical assistance. These children eat nor¬ 
mally and are not aware of the fact that they have a stomach that has been pulled up 
into the neck. 

DE. LLOYD H. ISIOUSEL, Washington, D. C.—If I may be allowed to digress for a 
moment, I would like to express my pleasure in learning at this meeting that the majority 
of major thoracic surgical clinics have abandoned the use of cyclopropane. During the 
past several years during which a number of deaths on the operating table have been 
reported, this agent was being used. Most of these deaths have been attributed to vaso¬ 
vagal or vagovagal reflex activity. It is my personal belief that deaths on the operating 
table due to cardiac standstill can be greatly reduced, if not entirely eliminated, if 
cyclopropane is not used. 

In managing patients who are undergoing resection of the esophagus, positive pressure 
is maintained in the closed anesthesia system at all times, in order to prevent bilatern 
pneumothorax from developing should the opposite pleura be opened. Large openings into 
the opposite pleura are usually recognized by the surgeon and the lung can be kept infla e 
until the pleura has been closed. However, if- a small opening is made into the opposite 
pleura, it may go unrecognized if positive pressure is not being maintained, and a complete 
pneumothorax may develop. Our patients are watched very closely on the operating 
table and great care is taken to prevent such a development. 

Following each major thoracic surgical procedure, our patients are x-rayed on the 
operating table. If there is evidence of air in the pleural cavity, it is removed be ore 
the patient is returned to his room. 

In our particular area, two cases have been reported in which the patient died on 
the operating table, due to accidental entrance into the opposite pleura. These patien 
were both undergoing lumbodorsal sympathectomy. In each instance the patient deve op 
an obstructive type of breathing, and it was felt by the surgeon and the anesthetist a i' 
that some obstruction to the airway had developed. Attempts were made to aspira 
material from the tracheobronchial tree vrithout results. Both patients deteriorated leU 
rapidly and died before they were removed from the operating table. In each instance 
post-mortem, it was found that the patient had died of bilateral pneumothorax. 
are accidents that do not occur often and can be prevented by the use of constant posi 
pressure during the time the mediastinum is open. 



DECORTICATION IN PIIDJIONARY TUBERCULOSIS INCLUDING 
STUDIES OP RESPIRATORY PHYSIOLOGY 


•lostTii Gordon, JI.D., Ray Brook, N. Y., and Edward 
S. Welljs, JI.D., Saranac Lake, N. Y. 

T he liistoriral ideutificutioD of the decortication opcmtioii lias Itecn previ- 
onaly made by the late Dr. Eraser Giird' and will, therefore, not bo fiirtbcr 
considered. The present revival of interest mnst bo dated from the reports 
given at the Detroit ileeting of this Association in Jlay, 194C, on chronic trau¬ 
matic hemothorax and empyema.’"* The purpose of Ibis piesentation is to relate 
experiences gained Uhls far in exploring the applicability of decortication to the 
inexpansihle tuberculous lung. The eight eases to he reported upon is a small 
number for a series, hut scivc ns a hn.sls for suggesting a method of study from 
which helpful conclusions might he drawn. The operative technique has been 
established and need not he rci>orted here. 

The problem of hemothorax and pyothorax with or trithout air present is 
not entirely comparable with that of the inexpansihle tultcrculons lung and 
empyema. Common to Itoth is the ohjc<’tivc of obliterating the ]ilcuml space by 
re-expansion of the lung. The fundamental pathology' and method of tieating 
the underlying pulmonary disease arc not the same. The treatment of the 
pleural complication in the former generally represents an end point. In the 
latter, the pleural problem is always .secondary to the parenchymal dLsoase which 
is the chief consideration. 

For the prime purpose of obliterating the pleural space, thoracoplnsly alone 
has proved satisfactory' in man.v ca.se3. Upon occasion, in the presence of bron¬ 
chopleural or plcurocutaneous fistulas, the addition of a Schedc or myoplastic 
operation has boon required. While Ihoracoplnsty accomplisbcs a twofold pur¬ 
pose, permanent collapse of the diseased lung and obliteration of the pleural 
space, it does so at the sacrifice of good functioning lung in certain cases. For 
this roa.son and because of the desire of avoiding nioi-o mutilating surgery, the 
decortication operation suggests itself. The comparison of results must tm made 
between the Uyo procedures. In attempting to bring almut re-expansion of a 
inng in which tuberculosis has been succcssfuUv treated, one must be mindful 
of possible harmful effects. The question of risk is naturally posed. This must 
he weighed against the hazard of long-sustained pneumothorax. Once it has 
served its purpose, it Is desirable to abandon the pneumothorax, as expected 
reveisibility' is one reason for its application. 

That decortication is possible in cases of pidmonary tuberculosis has been 
demonstrated in several reports: Quid,’ JlulrihUl,' Currori and Gale," and Lam.’ 
It was recognized at the outset that because of variable extents of parenchy'mal 
diseaso for which the lungs were collapsed, re-expansion and improved function 

Sur»p2.“n “I 'r»-^nty-elchth Annual Mcctinc oC Uio American Atnoclatlon tor Thoracic 
“•Btry, gueboe, Canada, May 31. June 1, J, 1948. 
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might not necessarily follow. In anticipation of such problems a cooperative 
study was outlined Arith Dr. George Wright, of the Trudeau Poundatiou 
Physiology Laboratoiy. 


The starting point for considering treatment of a disease or complication 
is a loiowledge of its pathology. The detailed patholog}’- of tuberculosis need 
not lie considered here. Tlie effect of long-sustained collapse on the underlying 
lung is of importance and seiwes to answer the question, ‘ ‘ Can the hmg he re¬ 
expanded? ’ ’ The morphology of coUapsed uninvolved pulmonary tissue as given 
by Vorwald® is as foUoAvs: “There is collapse of the alveolar spaces, the walls 
of which are approximated, but the architecture of the lung is not obliterated; 
there is liistocjdic proliferation of the alveolar walls and in the perivascular and 
peribronchial spaces with a slight increase in connective tissue; the blood vessels 
are more or less tortuous and the capillary spaces dilated; the lymphatics are 
little altered but may be dilated; the degree of connective tissue proliferation 
is not irreversible. ’ ’ The experimental Avork of Bruns,® and the studies reported 
by Gardner^® and Pinner^^ are the liasis for the conclusions that “fibrosis in a 
collapsed lung is the result of inflammatoiy processes and not of the collapse 
per se. ” It is upon this basis that i*c-expansion of the miinAmlved portions of 
the lung is expected. The anticipated degree of re-expansion, judged by the 
prepneumothorax extent of disease does not necessarily folloAV. Gardner stated 
that “extension of disease Avithin the compressed lung may proceed by Avay of 
the air passages and, to a more limited degree, through the lymphatic channels. 
Hematogenous metastasis is probably rare.” These data seiwe as a working 


base line for approaching the present problem. 

' The eases selected for treatment A\'ere those in Avhich there Avas eAudence of 
failure of obliteration of the pleural space by the lung. All measui'es to have 
the lung re-expand and obliterate the pleural space had failed. There was no 
question that perhaps in time this might yet occur. Cases A\dth advanced stenosis 
of a major bronchus A\mre excluded. In these it was felt that re-expansion was 


probably impossible and undesirable for fear of increasing the broncho-paren- 
chyonal bed distal to stenosis and risking suppuration. In five cases (Cases , 
2, 3, 4, and 5) the duration of the pneumothorax Avas over yeai-s and the paren 
ehymal disease was considered arrested, the sputa having been negative. Seven 
of the eight patients had fluid present which Avas positive for tiibercle baci i, 
tAA'o shoAAung frank pus. Tavo patients (Cases 6 and 7) had actrie pulmonai.i 
disease, Avith cavities and positiA'e sputa. In these thoracoplasty Aims done I'S 
to collapse the disease-containmg parenchymia before decortication Avas un e 
taken. In Case 8, there was a liistoiy of pleurisy Avith effusion tAventy-sei en 
years before A\dth recurring sjTnptoms in 1942 and 1947. Tliere was no clear-cir 
history of pulmonary tuberculosis until 1947, when a small antrum vvas no e 
on the contralateral side (left), the sputum and fluid wei’e both posithe, an 


intermittently a bronchial fistula could be demonstrated. 

The history and aU available films of each case Avere carefully 
A careful fluoroscopic suiwey as A\'eU as a study of inspiration-expiration 
indicated the present mobility of the lung. The factors of compensation, m 
pleural pressures, frequency of refills and the speed of re-formation of ui ^ 
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noted. All wci'o lironclioscopcd before opcriitioii and special respimtorj' stiidica 
ivcro also raade, both Iicforc and after decortication. In two eases preliininari’ 
bronchogmnis ns well as two other postdeeortiention bronehogi'anis were made. 

From these prcliniiiiai'i.’ studios a decision was made ns to whether a thorneo- 
plnsty would ho done before undertaking the decortication. In two of the ar- 
rc-sted eases (Gases 2 and 3), it was elected to do two stages of thoraeoplast.y 
liecnusc of tlio c-Ytensiveucss of tho tulierculosis before pneumothorax. It was 
reasoned that Insuflleient good lung remained to anticipate enough re-expansion 
to fill tho largo pleural siincc. In Gnsc 2 there was some 01100101 oxj-gen desatura- 
tion ohsciwcd after o.xcreiso on a motor-driven treadmill. Decortication resulted 
in decreasing tho pleural spaeo and some increase in lung volume hut no func¬ 
tional improvement. It was, therefore, felt that additional thorneoplnsty should 
bo done to aid in obliteration. This has recently licon done and there is evidence 
that a satisfactorj’ result will ensue. In Case 3 decortication ohlitcrntcd the 
small residual space. It is cxpcctctl that no functional change has lesultcd. In 
Case 1 the patient had liccn tiented with an emergency thorncotom.v drainage 
beeanso of fulminating uncoiitrollahle niixtsl-infcctiou empyema and broncho¬ 
pleural fistula. Snlrnequent multiple-singed thoracoplasties were done to oblit¬ 
erate the largo empyema space further to control the toxemia. A residual plcund 
spaeo and eutanoous fistula at the site of tho thoracotomy wound remniued. 
Decortication was carried out in preference to a Sehedo operation; tho lower 
lobe was mobilired and a good residt obtained. The patient was discharged ns 
well and has been working for a year. In Cases 4, 5, and 8 in'imaiy decortica¬ 
tion was performed. In Case 4 ultimate complete ohlitoralion of tho pleural 
space was accompanied by further deanturation of the arterial blood; tho 
detailed report of tliis case will he given hv Dr. Wright.” Incomplete oblitera¬ 
tion of tho pleural space with fluid forming in the presence of high negative 
intrapleural pressures rc-sultcd in Case 5, with no significant elinngo in pul¬ 
monary function. The primarj' plcuri.s.v with effusion case of twenty-seven 
years’ duration (Case 8) has almost complete obliteration, but it is too leeent 
postoperatively to evaluate. 

In tho two cases in which thoracoplasty was done for active pulmonaiy 
disease, decortication resulted in obliteration of the remaining pleural space, 
thas obviating tho need for further thoracoplasty. These two are of additional 
interest regarding findings at tho time of decortication. In Case 6, a completely 
rallapsed lower lobe was found covered with peel. A second review of tho films 
mdicated that this might have been anticipated. AVith removal of some peel, 
tubercles were seen and it was elected not to complete the operation except over 
the uninvolvcd portion of the ujipcr lobe. After decortication the lower lobe 
of Patient P. B, in Case 7 appeared slate-blue in color and, though tho lobe was 
distended with positive pressure, tlio color did not change to the usual pink. 
dTie significance of this finding is not clear. 

In all except the caae with the twentj'-sevon-ycar history, the removal of the 
visceral pleural peel was relatively easy to accomplish with minimum trauma 
In this case much shaiTi dissection was lequired and a strawbcriy- 
I'ke appearance was seen on the pleural side of tho cortical layer. In all cases 
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there were areas Avhere the peel Avas most adherent Avhich were considered healed 
foci. After a brief trial at removal these were circumvented and allowed to 
remain in patches. Studies before operation showed in aU cases some reduction 
in respiratory^ function proportional to the extent of the' pulmonary^ problem. 
Those studied postoperatively' thus far have not shovm any^ significant gain in 
function as contrasted with one nontuberculous traumatic hemothorax case to be 
discussed elsewhere.^^ 


There Avere no spreads of disease, but it must be stated that streptomycin 
Avas used for short periods of time, lioth pre- and postoperatively. The signifi¬ 
cance of this therapeutic adjunct is not knoAwi. All cases Avere on continuous 
suction for from forty'-eight hours to five days. There Avere no recurring 
empymmas and all woiuids healed by'^ primaiy union. 


In addition to the aboAm-noted results there are some points AA'hich require 
further consideration. What of the re-expanded lung? Will it be normal 
healthy lung, or one shoAving compensatoiy dilatation or, one step further, true 
pathologic emphysema? The lung may be ventilated Avith poor circulation, or 
have good circulation and be poorly Amntilated. There may be satisfactoiy 
readjustment or the development of a shunt betAveen unaerated and aerated 
blood. The volume of lung for re-expansion is unknoAvii because the amount of 
interstitial fibrosis cannot be detennined. The amount of disease seen in roent¬ 
genograms is by no means an index of all that is present. With healing and 
scar formation of the diseased areas there are local compensatory changes in the 
surrounding lung tissue. In addition, there is the probability that, under partia 
pneumothorax at least, compensatoiy changes in the lung have already taken 
place. Hence, some limit of distensibility may haA'e been reached and may 
account for the failure of further expansion. It is knoAvn that in certain cases 
AA'here no previous pleural complications are suspected transudate fluid forms to 
take up the space the lung cannot occupy’". In these, perhaps the limiting mem 
brane may be a secondary’ fonnation rather than the cause of limited expansi 
bility’. In several cases bronchogi'aphy has been done and there is some sUo 
gestion that it may’ be helpful in estimating the aboA’e-mentioned changes. o" 
long after decortication does it take the lung to return to normal? Foi 
present the ansAver cannot be given. These are the observed facts: (1) unme 
ately’ upon removal of the peel, the lung becomes distensible by positive pre^re 
on the anesthetic bag AAuth an intratracheal tube present; (2) increase ni w 
volume is noted Avithin several days as seen on postoperative roentgenograms, 
(3) the diaphragm is seen to move in a normal direction. Kecheck bionc 
spirometry is planned and in one nontuberculous case progressii’e i 

in function Avas recorded. That some time must elapse before the uninvo 
portions of the lung become restored might be expected in considering the 
ously’ described histopathology’. A certain lapse of time Avas required to pio 
these changes and should be necessary’ before function is restored. This is 
tainly true of other immobilized parts of the body’. Regarding the pee 
left behind, since the etiology’ of the fluid is generally’ tuberculous an 
these effusions and empy’einas are clinically ImoAvn to regress . 


question ames as to possible recurrence in the decorticated case. 


Insufficient 
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lime lins elnpacd in this group of cnses to pevmil nmkiug a statement. It miglit 
he of some signincanec, Iiowevcr, that histologic examination of these peels .sliow 
nonspecific scar in the older easea and tiihcrole formation in the more rocenf 
ones. Further, the fluid was e.xamincel and, in cases prcviou-sl.v positive on smear 
and culture, has been negative hy culture ])ostopcmtively. The parietal peel 
was more difficult and was only partially removed in some cnses. Experience 
indicated that a plane of elcavngo was easier to develop at the endothoiacic 



Hr, .’'OoTVlng unexpanCnbto loft lung, pnettmothomi opaco with OulO prOBont 

broncblnl dlneaM by bronclio»cop>'. T. M. lA, Bhowlnt obliteration of entire 
•Pttw by thorocoplajity only. D. R, /, ihowlnc almont total collap*o of loft 
T> H b^l^n'othorax space, bronchlaJ ateDoalB of left main bronchujt seen by bronclioitcopy. 

' ^ snowing tatUfactorj’ oblllemtlon of left pleural apace by thoracoplaMy alone. 


fascia, whore lileeding was most profuse, than liotweon pleura and cortical layer. 
Whether or not it is essential to remove the parietal peel is not knorni. There 
IS some suggestion tliat tliis may not lie entirely necessary. For example, it is 
"Cll known that, in certain chronic empyoma cases, apparent resolntion takes 
pace so that no evidence of tlie previously designated “thickened pleura” is 
^nlgenographieally demonstrable (Case 9). In addition, the previously oh- 
rved compensatory factors of flattening and immobility of tlio chest wall are 
aced by normal contour and movement in the presence of a good functioning 
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lung. Further, some of the decorticated-hemothorax cases did not have tlie 
parietal peel removed and are reported as restored to normal function. Of 
particular consideration in these tuberculous cases is the fact that the volume 
of lung for re-expansion is an unkno^vn quantity. A completely intact hemi- 
thorax may not be required because of limited distensibility of the lung and the 
pleura may be again thickened as a compensatory factor following re-formation 
of fluid. 



Fig. 2 (Case 1).—J. S. 1 , film showing parUally collapsed lung with t $. 

peel on both pleurae, thoracotomy tube drainage because of bronchopleural nsmiH. * 
film showing total thoracoplasty collapse, tube drainage sUIl present. X S. mm in 

line of residual empyema pocket in the posteroanterlor projection. J. S. sam 
the lateral projection. 

A further point for longer term observation is the possibility of det elopme 
of a reactivation of disease at a later date in the re-expanded lung. Is ® 
possibility that this distended or emphysematous lung is made more vn ne 
to the development of active disease? There is some .suggestion, but not p 
in some of the obliterating so-called “re-expanded pneumothoiax 
With mediastinal shift to the obliterating side and increased size of 
lateral lung new disease or reactivation of stable foci have been noted to ev 
This point alone is of little moment, but in reinducing collapse of t le no 



SERmi PROTEIN LEVELS AND CALCULATED OSMOTIC PRESSURES 
IN TUBERCULOSIS: I. CORRELATION OF THESE VALUES 
WITH THE SEVERITY OP THE DISEASE* 

Robert I\r. Eaton, M.D., F.A.C.S., J. Vincent Sherwood, M.D., F.G.C.P., 
PearIv L. Kendrick, Sc.D., ItRace Eldering, Sc.D., and Robert Daume, B.S., 

(rRAND Rapids, Mich. 

T he present investij^ation of serum proteins in pulmonary tuberculosis was 
instigated more or less directly by experimental observations on dogs* in 
which acute hemorrhage was found to cause pulmonary edema. A coincidental 
finding of these expeifiments on hemorrhage showed that acute reduction of the 
total serum protein by as little as 0.8 Cm. to 1.0 Cm. per 100 ml. of serum as 
a result of the intravenous administration of phj'siologic sodium chloride would 
also produce edema of the lung. The puhnonai’j'^ edema was demonstrated in 
both of these animal experiments by deh 3 ^dration procedures and by histologic 
section of the lungs, and it was a consistent observation even when the moistui-e 
increase was too little to be clinically apparent. 

It is recognized that the serum proteins are of great value in maintaining 
the normal osmotic pressure of blood, and that the o.smotic pressure, in turn, 
^ is of importance in regulating the equilibrium of tissue fluids. Because of the 
‘ possibility that edema of the lung may contribute to the pathogenesis of pul-. 
> onary disease, it seemed possible that a lowered senim protein level might be a 
detrimental factor in any infectious disease of the lung by virtue of the pul- 
monaiy edema it could induce. The concept received encouragement by the 
favorable clinical results observed with plasma therapj’’ in several children with 
pneumonia resistant to other treatment.- In these patients it was found that 
the total serum protein, the serum albumin, the albumin-globulin ratio, and the 
calculated osmotic pressure were all low; and intravenous plasma was given these 
patients for the purpose of restoring the low serum protein values to the nomial, 
hence raising the osmotic pressure and reducing lung edema. 

It seemed possible that in pulmonaiy tuberculosis the presence of edema of 
the lung could also be a contributing factor to tlie pathogenesis of this disease, 
and that edema might be present more frequently than is realized in association 
ivith lowered serum proteins. Seibert and Nelson® demonstrated by electro¬ 
phoretic pattenis with sera from animals -with experimental tuberculosis that 
there was a consistent decrease in the serum albumin level and a rise in beta- 
globulin, which could be detected as early as ten days to two weeks foUoivmg 
the infective inoculation. In several cases of human tuberculosis these authois 
noted abnonnallj' low serum protein values which seemed to parallel the clinical 

Received for publication Jan. 11, 1951. 

•Cooperative study. Sunshine Sanatorium, Kent County, Michigan; and Michigan Depart¬ 
ment of Health Laboratorlea, IVestern Michigan Section, Grand Rapids, Mich, 
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cuurso o£ the discuse. It could well be, therefore, that depletion of the iierum 
protoius with tho resultant lowering of the osmotic pressure of the circulating 
blood could produce auffleient puliuoimi’y edema to be a factor in the course of 
pulmouary tuberculosis and a stumbling block to the cure of this disease. It 
could also be postulated from known facts concerning the role of the serum pro¬ 
teins in maintaniing nomial fluid equilibrium between the vascular system and 
the pulmonary alveoli, that elevation of the serum protein levels could attract 
fluids back to the vascidar sy.stem and thereby dehydrate an edematous lung 
and make tuberculous spread more difficult. 

Therefore, the whole r|ucation of the relationshi]' of senun protein levels 
to the progress of pulmonary tuberculosis seemed well Avorth investigating, and 
a study was started early in 1948 for tho purpose of answeriug the following 
questions: 

1. Can we demonstrate consistently nn alteration of the serum protein 
levels and of the ealculntctl osmotic pressures in patients with pulmonary 
tuherciflosisl 

9. If there is an alteration, is it in proportion to the severity of disease? 

3. Cun tho serum protein levels in a patient be influenced by intravenous 
plasma, or by the oral administration of ju-otcin bydrolj-sntcs? 

4. Does higlv protein therapy influence the clinical couree of pulmouai'y 
tuberculosis? 

Tho present icport has to do with the fliat two ()ucstions. 

iiin'Hons 

Clinical ctaimificntiun and selection of paftcitls.— 

The patients Avere classified by locnlgenogiam findings according to the 
standards of the National Tuberculosis Association into minimal, moderately 
advanced, and far advanced tuberculosis; and according to their clinical status, 
into A, B, C, and D groupings, group A indicating patients Avith no apparent 
sj’mptoras of illness, and group D representing those critically ill. The clinical 
status was based on such items as temperature, piflse, weight loss, appetite, ex¬ 
pectoration, and positive or negative sputum findings. The classification of each 
latient Avas levieAved at least every six months, mul for tho purpose of this 
study those patients Avere excluded Avbo had complieatuig diseases such as severe 
diabetes, nephritis, or. nephrosis. The classification of the 152 patients compris¬ 
ing the study group is given iu Table I. 


Table I. Hanatoeium Patients Studuid Biioaviko the Ndubeb in Each Ctjnicai. 
Classification* 


STATUS 

STAGE OP TUBEECULOanS 

uumtAL 

MODERATELY 

ADVANCED 

PAR ADVANCED 

TOTAL 

A 

0 

3 

0 

3 

B 

11 

61 

as 

77 

0 

0 

18 1 

31 

49 

_D 

0 

* 

19 

23 

! Toia 

1 11 

1 70 1 

05 

1 102 


•.AccorUlnB to NaUonal TubBrcuIo*!* ,A*pocIatlon aoflnlUotiA. 
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sure 'which regulates fluid equilibrium between the vascular system and the tis¬ 
sues. In this connection the discussion by one of the authors^ in relation to 
lowered serum proteins associated with spinal cord edema in poliomyelitis is 
relevant. Of the serum proteins, the albumins are the smallest molecules and 
are the most copious. In normal plasma, the albumins make up over 60 per cent 
of the protein constituent and, according to several physiologists, including 
Best and Taylor,® they are responsible for nearly 80 per cent of the colloidal 
osmotic pressure exerted bj' the plasma. Therefore, any appreciable change in 
the albumin content of the plasma will have an immediate effect upon the osmotic 
pressure which this plasma is capable of exerting. Loss of positive osmotic pres¬ 
sure as a result of a reduction of the albumin content, in which there is usually 
a reversal of the albumm-globulin ratio, will induce a transudation of the small 
albumin molecules, as an albuminous fluid, to the tissues and into the alveoli. 
Such decrease in serum albumin caused either by accelerated protein catabolism 
or disturbed protein synthesis and occurring as one of the sj’^stemic manifesta¬ 
tions of disease, would lower the plasma osmotic pressure and accentuate the 
edema of the lung. Conversely, if the serum albumin and osmotic pressure were 
raised, the process might be revei'sed; the lung might become less moist and less 
likely to encourage the spread of the disease tuberculosis. The findings would 
seem to justify further experiments directed towards raising the albumin level 
and hence the osmotic pressui'e, by intravenous plasma or the oral administration 
of protein, and a study of the effect of such an alteration on the clinical course 
of the disease. 

SUAIMARY AND CONCLUSIONS 

The results of serum protein studies in 152 patients with pulmonaiy tuber¬ 
culosis have been reported. 

The most significant alteration appeared to be in the serum albumin frac¬ 
tion, and, in general, it was found that the more severe the disease, the lower 
was the albumin level. 

It is believed that serum protein levels deserve greater attention in the 
evaluation of pulmonary tuberculosis. Further studies are in progress to in¬ 
vestigate the value of intravenous plasma and oral protein hydrolysates in tlie 
therapy of selected tuberculous patients. 
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BRONCIII^VL ADKXOIIA* 

Nome.s-cl.\ture and Present ilETHOos of Treatment 
Robert D. Doty, il.D., Roanoke, \ a* 

B RONCHDUj uclenoma has been recoguized for many years. In 193(, foi 
the first time, Ziamora and Schuster* i cported an adenoma which presented 
ci-idenco of maUgnancy by local invasion. By 1949 several cases of distan 
metastasis,*- *• * picked up microscopicully and incidcntallj, uere lepor et. 

1943, ^\jidenioiL=‘ reiwrted n mueroKCopie molnslasis to the liver. lOr on 
reported removal of the left lolie of the liver for tumor ii entiea a 

ehial adenoma removed earlier in the same patient. Similar reports followed. 
Adams** reports death due to cerebral iiiet.mtases in a woman known a_lso to 
have liver metastases from bronchial adenoma. I-rom t e ime o ^ . ,up_ 
report in 1937 to the present time there has been dmeu^ion “ 
these tumors arc benign or maligiinnt. Since the lesion is le a i\e y u 
mon, facts which have become known about it haie een < , , 

slowly. Generally, treatment has not varied a great ( ea ecaii 
treated initially by surgery usually come to surgery ater as a 
plications. A point we would like to make is that surgica res t ’ 
least exploration, is generally indicated as prunary t erapy 
It is commonly accepted that they are not of a degree o m 
compared ivith that of bronchiogenic carcmoina, but ^ ^ ^ 

are malignant at all.' As the subject contimies to be one or s , 
being made to correlate clinical course with pathologic lu mgs, these 

establish some concrete b.mis on which to determine what treatment of these 

One opinion ns to the origin of these tumors is that j 

of the bronchial mucosa. Stout" and Ilaempcrl*" Zese Oilv 

these glands by siiecinl staining which they ca 1 n ocytes. ^ 

lielieve to be tL Lurce of bronchial adenoma. AVomack 
Harris and Sclilattcnberg" feel that the tumors are ( ue o pers “ , , jjj ,3 

bronchial buds. A reseinblance to fetal lung tissue is no ei lirim- 

who suggests that they are vestigial pulmonary lobes ’',* ascribed 

chus. Similarity of some of the tumor colls to lymp “'tJ' ® ivmnhoid or 

by certain authL** who proposed that to -such tumom the term lymphoid or 

....> “““"/ ‘r„rr 

seems to be aeeVpted svith something approaeWng 

these tumors, though considered to be epithelial, are separateel charaeter- 

From the NaUoiml Na.-sl Medical Center. Bethe^ln, MnrylnnO. 

^Ived for publlceUon May IT. 1«0. nocaeinSly repreeent 

,*ai»UmenU made ta till paper sre tUcee or tne mu Medicine and Suryory. 

isaicite of the Vetonuu Admlnletmtlon or U. a Nnvai uurenu o, 
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istieally from the sui-face epithelium of the bronchus, and it would appear that 
they do not take their origin from the surface epithelium, but probably from 
bronchial glands.^’ 

Clinically, the symptoms resulting from bronchial adenoma can be ascribed 
in the majority of eases to complication more freciuently than to the tumor 
directly. Cough, hemopty.sis, and expectoration are common, but probably 
arise because of a condition brought about by the obstruction of the bronchus- 
atelectasis, bronchiectatie changes, and so on. Pneumonia, pleurisy, or even 
empyema may be the presenting clinical picture, or the patient may complain 
of mild chest pain, dyspnea, fever, weight loss, or wheezing. Severity of syni])- 
toms will depend for the most part on severity of the secondary conditions, 
and these null be influenced as much by the location of the tumor as by its 
size. Physical findings will be conspicuous by their absence imless secondary 



Hk. 1.—Carcinoid adenoma (X200), 3 l)owlng relationship to bronchial epllhenum. 

developments have apjteared, in which case the findings will be those of the 
secondary condition. This is worthy of emphasis because cases may go m*' 
diagnosed because of a paucity of findings or because bronchial adenoma i*’ 
not suspected. Treatment vdthont proper diagnosis may thus be nuueeessarilj 
prolonged. In reported cases treatment for bronchiectasis, pulmonitis, and so 
on, has extended over long periods before bronchial adenoma has been sus¬ 
pected as the underlying cause.’® Certainly, in some of these cases early 
moval of the source of the obstruction might be expected to relieve the condi¬ 
tion before irreparable damage has occurred. 

Abnormalities demonstrable by roentgenogi'am*® include: demonstrable 
tumor, atelectasis, inflammatory infiltration, or any combination of these.’ I'’ 
one report the only finding was unilateral emphysema in expiration, due to o 
ball-valve type of obstruction. The routine roentgenogram of the chest nas 
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minimi, hi thu scries of eiises reiiorted liy rhilly,'" a tumor was visible in 20 
per cent, atelectasis in 40 per cent, uiid iiilliiiiimatory infiltration in 23 2)or 
cent. Tumor wa.s not demonstrable by roeutgeiioi;rnin in any of the ca.ses in- 
eluded in this report. 

Bronchoscopieally, the tumor apiieai-s as a smooth, red, rounded tumor, 
usually irith a broad base. Bleeding appears with minimal traiuna, and at 
times may be a source of considernblo discouragement when biopsies may be 
desired. Tendency to blceduig of serious pro)iortion is shown by reported 
eases in which death has resulted from massive blood loss and shock,” 
or the patient drowned in his own blood when the respiratorj' passages Avere 
suddenly inundated. The majority of bronchial adenomas occur in the pri¬ 
mary passages, and they seem to bo more frcipicntly located in the right main 
lower lobe bronchus. AVith a tumor located in this imsition prolonged bron- 
choscopio treatment and observation may be enticingly convenient. 

The presence of such a lesion, of course, rciiuires biopsy for diagnosis. 
The pathologist also has his jiroblcm with these tumors. AVithout, for the 
aioment, going into the pathologic ramificatious, it may be said that not in¬ 
frequently it is verj’ dilliciUt to distinguish some of these from small, round- 
cell carcinomas of the bronchus, which are highly malignant. Alaiiy instances 
lave been reported in which distinction has been made only on subsequent 
renew of the section or after a patient’s clinical course failed to corroborate 
the prognosis. On frozen section in many of these, such difFerentiation is 
virtually iinpfissihle. This should give further impetus to efforLs directed to¬ 
ward elarifieation of characteristics of these tumors and toward attainment 
of a common ground of understanding regarding them, for a decision made 
during exploratory thoracotomy may be greatly influenced if this fact is borne 
m mind. An adenoma vvith mediastinal metastoses would probably offer an 
excellent opportunity for cure, whereas a small, roiuid-cell carcuioma Avith 
such metastases Avould prolmbly not justify even an attempt. 

The folloAving case reiAorts Avill illustrate several points Ave feel should be 
einphasmed: 

C.VSE REPORTS 

Case 1.—P. U. D., a Si^year-old white nuin, wn3» nOmittOfl on Nov. 14, 1942, Avitli a 
••oinplBint of hemoptyjiiu of about lialf a cup of blood daily for about a aeck. A month prior 
to thij ho liad had bronchopneiunonin. After discharge from the hospital he noticed a “tick¬ 
ling in the throat,’^ and on couglilng and clenring his throat he Avoold bring up one or two 
teaspoonfuls of bright blood. The cough was othenrUe nonprofluctive. There had been 
'bright loss of twenty pounds in the period preceding the present illness, but this was felt 
to be related to factors other than his physical Illness. Physical examination was not remark- 
able except for u tiny ulcer found on one of the vocal conls. Bleeding was considered not 
to be coming from this. Bronchoscopy disclosed n tumor in the left lower bronchus which blc<i 
on slightest Instrumentation. Frozen section was interpreted as “Ont-cell Carcinoma of 
the Bronchos," but when permanent sections were examined the diagnosU was changed to 
"Benign Adenoma of the Bronchns.” On Dec. 1, 1D42, the tnmor was removed locally 
through the bronchoscope. Healing was rapid and satisfactory. A month later slight 
fullness was Adsible nt the site. Four months later this had progressed, and it was appar- 
cot that the tnmor was atlll'present. In August, 1043, it was again removed through the 
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bronchoscope at Memorial Hospital in New York. In November, 19-13, it was once more 
visible and was cauterized through the bronchoscope. There was no further trouble until 
early 1948 when further symptoms developed. In May, 1948, a pneumonectomy was per¬ 
formed at the Ochsner Clinic. Since that time the patient has been well except for minor 
dyspnea on exertion. In this case resection was undertaken after five years of prolonged 
bronchoscopio treatment and observation. It would appear that the dual result could have 
been achieved five years earlier if surgical exploration had been carried out. 


Case 2.—H. K. M., a 37-year-old white man, was admitted in March, 1949, complaining 
of persistent, mild, relatively nonproductive cough. There were no other symptoms, and gen¬ 
eral health was good. There had been no weight loss. Chest roentgenogram showed atelecta¬ 
sis of the right middle lobe, but repeated studies failed to disclose the cause of the atelectasis. 
It was felt that bronchogenic carcinoma was the most likely possibility. The patient refused 
operation. On Sept. 6, 1949, he returned with the same picture, which had persisted un¬ 
changed. General condition remained good. On Sept. 10, 1949, the right middle lobe was 
removed. A frozen section was interpreted as small, round-cell carcinoma, and total pneu¬ 
monectomy was done. Enlarged hilar nodes were found and removed. The patient made a 
good recovery, and was discharged to his home on Sept. 26, 1949. In December, three months 
later, he was preparing to return to his regular work. ParaiBn section showed the tumor to 
be bronchial adenoma of the carcinoid type. Three nodes were removed, which were not 
contiguous to the bronchus; these contained tumor wliich duplicated the pattern of that found 
in the parent growth. Here metastasis had occurred even with relatively short clinical dura¬ 
tion of iUness. At surgical exploration it was possible to remove nodes already contammg 
tumor which might never have been resectable after bronchoscopic removal of the parent 
growth followed by prolonged observition. 


Case 3.—W. K. K., a 27-year-old white man, was admitted July 30, 1947^ with a history 
of fever, nonproductive cough, anorexia, and vomiting for five days. He developed pain m 
the right chest which was aggravated by breathing, and on the day prior to admission 
had dyspnea and slight cyanosis. On admission a diagnosis of lobar pneumonia of the 
right lower lobe was made, with overlying pleurisy. This was confirmed by roentgeno¬ 
gram, but remark was made that there was a large atelectatic factor. On Aug. 6, 1941) 
bronchoscopy disclosed a mass which bled very easily, obstructing the right lower lobe 
bronchus. Frozen section of the biopsy was diagnosed as small, round-cell carcinoma. 
Later, permanent sections were interpreted as “Malignant Adenoma." On Aug. 14, 1941) 
n right pneumonectomy was performed when it became evident that the tumor not only 
filled the lower lobe bronchus but was also encroaching upon that of the right middle lobe. 
Several hilar nodes were removed but showed no tumor. The patient was discharge 
Sept. 15, 1947, in good general condition. The final pathologic report was “Bronchia 
Adenoma, with involvement of two contiguous peribronchial nodes.’’ Bronchiectasis and 
pneumonitis were also present. In November, 1949, the patient reported that he had 
morning cough with which he brought up a considerable amount of “phlegm.’’ H® 
had no significant cough thereafter during the day. This might indicate some mi 
bronchiectatic process in the opposite lung. It points up the danger of delay in treatment 
which may permit infection to become established in the opposite lung. The case demon- 
strates again that removal without surgical exploration is not adequate. Eoutine ehe- 
roentgenogram was clear in August, 1949. 


Case 4. C. W. H., a man in his late forties, was admitted in May, 1944, for repah* ot 
a small right inguinal hernia. On questioning, he remarked that it had developed because of 
a bad cough he had had for about a year. Chest studies were carried out, and he ivas found 
to have complete obstruction of the left lower lobe bronchus ndth atelectasis of the lob«- 
Biopsy was interpreted as “Basal-ceU Carcinoma, probably arising in a benign adenoma.’’ ^ 
left pneumonectomy was carried out, the patient made a very satisfactory recovery. The 
operative specimen showed a tumor 4 cm. in diameter in the main bronchus of the left lo"®'' 
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lobe. Nu metnetawa were evident, but there was an extensive inflJtrution through the bron- 
diill wall into surrounding lung tissues. The patient, at the time of tins uiitlng, is progress¬ 
ing very satisfactorily, lie weighs approximately fifteen i>ounds more timn he did prior to 
the operation. There is a mild residual cough, believed to ho associated with accumulation of 
secretion in tlje blind bronchial stump. Dyspnea is present only on exertion and is surpris¬ 
ingly little. On review of the .vetiuns this tumor was found to fall into those which we call 
the mixed tumor group, also colled, among other tilings, ndenoeystic bnsnl-cell carcinoma of 
the hronchui, or cylindroma. This typo is considered by many to he moro malignant, metas- 
tasixing moro frequently tlian the enreinoid type. 

Until 1937 little (luestioit was ever raiBctl regarding tlie supposedly benign 
nature of these lesions, and major surgical procedures were undertaken only 
when necessitated by complications. Since then the various improvements in 
surgical teclmitincs and methods of treatment and the continual reports indicat¬ 
ing malignant clmraeterhrties in these lesions have aroused in many the feeling 
that surgical exploration, usually with resection, sliould bo the preferred method 
of treatment. Secondary factors or nnnssociated conditions may, of course, 
interfere with the carrying out of the moat desirable therapy. 

The relatively few tumors not accessible to bronehoseopic instruments 
must he treated by other methods. Since the majority are in the primary pas¬ 
sages and are commonly in the lower lobe bronchi, however, there is some 
choice. They may he subjected to biopsy, fulguratiou, desiccation and cauteri¬ 
sation, or, rarely, excision through the hroiiehoseope. lu 1940, Eloesser*' re¬ 
ported the use of posterior hronehotomy ns a means of approaching aud remov¬ 
ing these tumors without saerifieing the lung. This was again mentioned in 
1947 by Goldman,’" us lioing used in one case. Langston and Fox,*' in 1948, 
described a technique of posterior liroiichotomy for the treatment of this con¬ 
dition, but emphasised tliat such approach is limited in its use aud is possible 
only in selected cases. Lobectomy may offer the best attack, aud pneumonec¬ 
tomy will be necessary in some. Complicating infection may prevent treat¬ 
ment directed toward the tumor itself.'" Li some instances a combination of 
types of treatment may he called for. Reciurence after bronehoseopic removal 
should be sufficient indication for surgical exploration aud resection, if pos¬ 
sible. Inability to remove a tumor surgically would call for palliative meas¬ 
ures by the bronehoseopic route. The bronchoscope may permit relief of ob¬ 
struction, evacuation of suppurative material, and may at times allow preser¬ 
vation of some of the pulmonai'y tissue in subsequent removal of the tumor at 
surgical exploration. 

Series have been reported to support the views of those favoring broneho- 
scopio treatment,” and others to support the views of those favoring explora¬ 
tion and resection. It must be admitted that statistical differences are not 
atnking.” This is hqj remarkable, however, for the tumors are slow-growing, 
metastasize only occasionally, according to present reports, and five-year cures 
would he an unsatisfactory criterion. On the other hand, the staunchest of 
those claiming these tannora to be benign adnrit that they invade locally, in¬ 
vasion of the bronchial wall being considered characteristie.’* Extension to 
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tlie mediastinum is admitted generally, although some feel tliis is simple exten¬ 
sion, while othei's consider it often frank metastasis. In 1945 Moerseh, Thmey, 
and McDonald'^'’ stated: “AVe have never seen a case with metastasis, and this 
ultimately distinguishes between this (‘adenoma’—‘cylindroma’ not included) 
and bronchogenic carcinoma.” Van Hazel, Holinger, and Jensik®® conclude that 
“adenomas” are extremely slow-gro^ving and locally invasive, whereas the 
“cylindromas” “met all the criterion of malignant neoplasm.” 

I’he former group reported six cases of “cylindroma” with the opinion 
that these resemble mixed tumors and present a different appearance from 
“Adenoma of the Bronchus.” Others, however, feel that all these tumoi-s can 
only be considered as one group—adenoma. Holly,’® in reporting thirty-nine 
cases, felt that it was possible to distinguish two groups, the “Carcinoid” and 
the “Mixed Tiunor Type.” Laff and Neuberger®’’ recognized those "Aith a 
“carcinoid-like” pattern and those with.a “cylindromatous” pattern. However, 
both groups described by Laff and Neuberger are included in one group by 
others, and the “cylindroma” described by some falls into the mixed tumor 
group of Holly. 

; Such confusion tends to disorganize any concerted attempts at clarification 
and certainly would discourage many of those more likely to be concerned 
wth the early recognition of the condition and generally the early treatment 
of the average case—the general practitioners. 

There are objections to be raised to most of the teimis already in use. 
Carcinoid has long been applied to tumors of the appendix and the gastro¬ 
intestinal tract which show argentaffine granules. Tiunors of the bronchu-s 
which resemble these morphologically have not shown such granules except in 
isolated and unconfirmed instances. Carcinoid-like was coined by one group 
to cireiunvent this, but seems redundant. “Adenoma” is a term which has long 
been applied to these tumors as a whole, and to the average medical group 
continues to mean just that. To take this term and apply it now to certain 
types as distinguished from others in the same category is to bring about more 
misunderstanding. The term cylindroma, which at present seems widely in 
favor, has brought possibly^ more confusion than any of the others.'' 
attempting to study these growths must, of necessity, familiarize himself with 
what is meant in each ease when the term is used, but if further knowledge in 
the field is to be disseminated, consistency must be maintained. According to 
Borland s Medical Dictionary, a cylindroma is a tumor in which the stromu 
has the form of elongated, twisted cords of hyaline material. According to the 
caption of a photograph accompanying a recent article on the subject^® the 
cylindi’oma (broncliial) Ls one in which the “acini” are likened to “cydinders. 
It is the concept of the cydindroma as described by these authora which seems to 
be most commonly held. Again, in Anderson’s Pathology’^ “The term cylin¬ 
droma refei-s to the hyaline tubes and cylinders of the stroma.” Similarity of 
the “cylindroma” to epithelioma adenoides cysticum has been noted. Accord¬ 
ing to Alenetrier, in 1927,®* Billroth Avas the first to apply this terra, and did so 
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when n tumor which wi\.s miucezed iiroduectl rounded long imiKses which he 
thought'resembled cylinders. In 1932, Stout"’ stated: “Tlie term cylindroma 
is no longer used, and rightly so; because it descrilies simply a morphological 
variation and not an entity. The mucinoiLs ‘‘cylindromas” should be enlled 
nnxed tumors; the hyaline ‘‘cylindromas” (skin) should be called basal-cell 



Fi®. 2,—CfttcinoW aJoivoma '(X200). 



Fig. 3.—Carcinoid adenoma (X400). 


- 

A* 


epitheliomas.” It would be wise to return to the evaluation of the term, and 
to discard it Yet further eonfnsioii should not be introduced by further coin- 
i'>g of uew names. 
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jaeent cells. Nuclear chromatin is hyperchromatic, rather coai'se. One mod¬ 
erate-sized nucleolus is usually present. The stroma varies. It is sometimes 
dense mth sweeping collagenous bundles enclosing small scattered groups of 
tumor cells, or it may he loose, almost myxomatous in appearance, and com¬ 
prise only a minor proportion of the mass. Bone, cartilage, and fat have been 
reported in these tumors, but none was noted in our eases. 



Kis-, 7,—.Vdenoo'atic basul cell carcinoma of maxlllury antrum (X-00). Note resemblance 

mixed tumor adenoma of bronchus. 


yince disagreement exists as to which of these shows tendency of greater 
or lesser degree to metastasize, it is imperative that a generally accepted sys¬ 
tem of nomenclature be used, if the question is to be resolved. Van Hazel, Hol- 
inger, and Jensik^" conclude that adenomas (carcinoid adenoma) are relatirel' 
benign, whereas cylindromas (mixed tumor adenoma) are malignant. On tbe 
other hand, Holly’s series'** of cases contained a number of the carcinoid t.'P® 
which showed distant metastasis. One of the cases here i-eported is that of a 
carcinoid adenoma with definite metastasis to the mediastinum; aiiothei hat 
metastasized or extended, according to one’s viewpoint, to nearby peribron 
chial nodes. Other eases have been reported of distant metastasis of ca 
cinoid adenoma. Recently a ease has been reported in which death 
ascribed to the direct eflfects of metastases of bronchial adenoma,-'' and ^ 
and Murrhead, in 1948,^^ report a case in which transition fi’om typical ro ^ 
chial adenoma to alveolar cell carcinoma pattern is described, with w 
metastasis and death. Other cases strongly suggestive of transition o 
nomas to carcinomas have been reported.®’ Possibly of more practica 
nifieanee is the fact that both these tumors, carcinoid or mixed 
knoivn to extend or metastasize to the mediastinum, and are locally mv ^ 
It is this feature which would seem to make surgical removal mandatoiy 
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iiieuiiH which will permit Hdeipinte uNniiiiimtiuii of iirens to which the tumor 
may have spread, ilcdia.stinal tumor will kill simply through its presence and 
growth whether “malignant” or not, although a patient may survive for years 
before this oceurs. The unhappy lot of a patient with bronchiectasis, fistulne, 
empyema, rceuri’ent Ijout.s of pneumonia, and such should be kept ui mind 
whenever surrival rates are to be comi)ared. Cases reported by Adams and 
others^ illustrate the disaster invited through failure of physieiaus to diag¬ 
nose the condition sufilciently early to permit adequate therapy. 

If the tumor invades at all, then only in exceptional cases will it be pos¬ 
sible to remove it bronehoscopically with anj' reasonable degree of certainty 
that it has been adequately I'emoved, probably only in those with a small, 
easily visualized and distinct pedicle. Posterior bronehotomy is applicable, 
as its proponents indicate, in selected eases and has the advantage of per- 
nuttmg some examination of the mediastinum. In the great majority of cases 
we feel fhat surgical exploration ivith lobeetomy or pneumonectomy and re¬ 
moval of mediastinal node.s, where imliented and pos.sible. is the procedure of 
choice. The mnligiihut propeiisitics of these tumors are becoming more gener¬ 
ally recognized ns uuqucstiouable iustnnees of metastasis and are reported one 
after the other, yet one is surprised to realize how great is the lag in general 
acceptance of recently di.scovered facts in the case of a fairly nneommon lesion 
sueh ns these represent. One can hardly expect, however, other profe.s.sionnl 
men to develop concrete opinions regarding th^se tumors when they remain 
such a source of disagreement among thoracic surgeons themselves. 

-As to eompni-ative malignniiey, it appears that we are dealing with two 
t>'pea of tumor, pos.sihly rejjreseuting the same hn-sio tumor, both of which are 
of low-grade maligiinuey, both of which are known to invade the mediastinum 
by metastasis or extension, and both, therefore, carrying similar potentialities 
with regard to the risk to the patient. It would seem that no purpose is 
served in dLstiiiguishing them at the pre.sent time so far ns definitive treat¬ 
ment is concerned. 

SUlIM.VBY 

1. Five cases of adenoma of the bronchus are presented. 

2. Attention is callcrl to the eonfiLsion rcsnlting from the use of varjTug 
and nondescript iiomeuclatnre. It is suggested that “Adenoma” be reserved for 
the group as a whole, tliat “Carcinoid Adenoma” and “Mixed Tumor Adenoma” 
he used exclusively in cla.ssifyiug these since they are adequately descriptive 
terms and have been previously used. The term “Ctybiulromn" should be dis¬ 
carded. 

3. It is pointed out that three, at lea.st, of the five cases rejiorted could 
uet have been properly treated by bronchoscopic instrimientatiou alone. Noth- 

8 less than surgical exploration can offer clear evaluation of the condition 
end permit definitive treatment because the broiiclunl adenoma e.xteuds or 
metastasizes peribrnnchially and to the mediastinum. 
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4. In any patient suffering from repeated episodes of pulmonary inflam¬ 
mation, ehronic cough, hemoptysis, and so on -without adequate explanation, 
bronchial adenoma should be suspected and niled out. 
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BEONCHIAL ADEN01VL4 IN A SUPEENUMEEAEY TEACHEAL LOBE 

Eeport op an Unusual C^vse 
Isaac Epstein, M.D.,* Temple, Texas 

B EONCHIAL adenoma is no longer a rarity in the recent medical literature. 

The increasing diagnostic acumen in the recognition of the bronchial ade¬ 
nomas and their favorable prognosis following surgical removal has certainly 
been sufficient reason for the large series of case reports in the last decade.®"®’ 
The case which is to be described here is of interest because of the adenoma 
involving a supeimumerary lobe originating from the lateral wall of the trachea 
slightly above the orifice of the right main stem (Fig. 5). 


C-VSE HISTORY 

W. D., No. 11,186, white male, 32 years of age, was admitted to the Veterans Adminis¬ 
tration Center Feb. 3, 1950. 

Past History .—The patient became ill about ten years ago (Fig. 1), while in service- 
complaining of chest pains in the right side, nonproductive cough, and blood-streaked sputum. 
He was hospitalized on seven different occasions for the same complaint prior to entrance 
to our hospital. Bronchoscopy performed elsewhere in November, 1914, revealed edema and 
occlusion of the right upper lobe bronchus. There was no air e.xchange through the lumen 
of this bronchus. Biopsy report from that area was not conclusive, and axploratop 
thoracotomy was performed in March, 1945. The following was reported by the surgeon: 

“The lulus was fixed and incorporated into a firm,, nodular mass which was closely 
adherent to the pericardium, and thought to be too fixed for removal. This mass was aspirated 
and found to be firm and homogeneous, and there was no pus or other fluid in the two areas 
aspirated." 

The patient was discharged on Aug. 6, 1945, without much improvement. During the 
next five years he consulted several physicians without any definite result. 

Physical Examination .—Physical examination on present admission revealed a fairl) 
well-developed, slightly’ undernourished white man who appeared chronically ill. Temperature, 
pulse, and respirations were within normal limits. Examination of the chest revealed dull¬ 
ness to flatness on percussion with diminished to absence of breatli sounds over the upper 
third of the right chest. There were no rales or wheezing present. The remainder of the 
lung fields were clear and resonant throughout. Tlie roentgenogram (Fig. 2) revealed a 
density in the right upper lung field with its lower border sharply delineated at the level 
of tlie second anterior rib. Other portions of the lung were well aerated. The trachea, heart, 
and mediastinum were in normal position. 

All the laboratory findings including sputum, as well as electrocardiograph, were not 
significant. Bronchoscopy showed that the opeuing of the right upper lobe bronclius 
originated slightly above the carina. Little attention was paid, however, to tlus abuormahty 
at the time of the examination. In addition to the above finding, there was also marker 
stenosis of the upper lobe bronchus with edema and signs of chronic irritation. The biops) 
material from the affected bronchus showed again only atypism of the bronchial epithehuni 
without any definite evidence of an adenoma. 


Received for publication Aug. 9, 1950. j 
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Thoracotomy was performed on Feb. 14, 1950, under intratracheal gas-oxygen and 
ether anestiiesia, tiirough a posterolateral approach. It was found that this patient had a 
supernumerary lobe. The oblique fissure in this ease was running anterior and the horizontal 
fissure was posterior to it, as one would see it in a mirror image (Fig. 3). The so-called 
upper lobe was occupied entirely by a growth wliicli was attached firmly to the chest wall 
cupola of the chest, and upper mediastinum. The lung was freed with great difficulty by 
sharp and blunt dissection from its attachments. The blood supply to the supernumerary 
lobe consisted of only three short ascending arterial branches from the inferior pulmonary 
trunk and several venous tributaries running to the superior pulmonary vein. The venous 
tributaries were located rather deep in the pulmonary tissue. The pulmonary ligament ivas 
attached to the anterior lobe, which suggested the possibility of a reversal of the lobes. 
During removal of the bronchus, it was necessary to diminish the lumen of the trachea to 
some extent. 



Fig. 3.—Photograph showing the horizontal fissure anteriorly and the oblKiue fissure posterior 

to it. 

The patient made an uneventful recovery, and was discharged on the fourteenth post¬ 
operative day. 

Pathology. The specimen removed consisted of a tumor mass measuring 12.5 
by 5.5 cm. (Fig. 4), the external surface of which was reddish-brown and shaggy- ® 
pathologist reported “a partly solid and partly cystic mass with scattered areas of small i s 
of calcified substance. The cystic portion is multilocular, and the individual cysts 
diameter from 5 to 20 mm., and contain thick yellowish mucoid material lined with a 
membrane. The entire tumor is enclosed in a fibrous capsule about 3 mm. in thidm®®' 
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The broDchuB waa distorted, coniproHHOtl, but not ulcerated by the tumor. The microacopic 
report (Fiff, 6) w-hb oa followa: '^The tumor ia composed of amall rounded cella of almost 
uniform siie. Tlio ccllfl aro arranged in Bolid neata, acinar formationn, and interlacing 
festoons. There is present a Bcauty hyaline llbroua atromo. The tumor involves the wall 
of the largo bronchu* and, except for a small area of ulceration, the mucosa is intact over it. 
The mucosal cells are well dUTcrentlated. Tho capsule proves microscopically to be a 
pteudo-eapsule. There are many eompreesed bronchi odth indammation in their irallB and 
with patchy ulceration of the mucosa. Fibrosed collapsed pulmonary tissue i* also present 
in the capsule with many blood vessels and nenrea. Scattereil solid arcoa resembling intestinal 
carcinoids are seen. No evidence of metastasis Is found in the lymph node. The calcifled 
material notcnl grossly utis not included in the fufctioos.” Tlio pathologic diagnosis was: 
nronohud adenoma, cnrelnoid tj'po. 



Fir 4.—Fhotogrmph of tlie excised lobe sbowlnff the tumor occupying the entire Bupemumerary 
lobe. Observe the mulUloculnr cysts with several small calcifled areas In It 

Follow-up roeutgenograms >vith llpiodol study on April 13, 1950, one month after the 
operation, showed a normal bronchogram of tho right lung (Fig. 6). From these films, taheu 
«parately after, each lolw was filled iudividnnlly with lipiodol, it ^\^l8 found that the patient 
HDl had tliree Bepsrate bronchi connected with lobe* on the riglit side, oven after the removal 
“£ the luUMlIed fourth lolie. 

The patient now lina no complaints and ia able to follow hie present occupation. 

DISCUSSION 

It is a woll-kiio\vii fact that bronehinl atleuonias are tumors associated tvith 
“ttier abnormalities of tlio lungs. A thorough search through all pertinent 
literature failed to reveal a case of similar nature; an adenoma mvohdng a 
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FIk. 5.— A, B, and O, IMiotoinlcvograplis sliowlng tlic hlatologj- ot tlio tumor and Its PHoudocaiiKiilo. 
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bronchus which arose from Uic lower end oC the ti-ucheu. Qraham*” performed a 
right pneumonectomy on ilarch 7, 1935, for a mixed tumor arising from the 
bronclma in the right lower lolre, and during the resection he found several 
abnonnal bronchi connecting the upper lolw directly witli the trachea. Ovor- 
holt,'“ on the other hand, cautions nlrout the pos.sibility of an accessory right 
upper lobe originating from tlie trachea which one may find during resections; 
but no one has formerly reportcil the prasence of a tumor iu a supoi-uumerarj- 
lobe. 



fi.—Uplodol bronchoffnun which Jemonitmte* Uio miine of all thn-HJ lobe* on Uio rig 

vltlo. 

Kmbi’j’ologic inaldovolopmeut baa lo be Ibo pi'obable explaiiatiou Tor 
aiiomaly. Arey^ bus stated tliat some variations may occur ui the sim an 
number of the major lobes of the lungs. For example, the epartena ron 
in the human on the right side may originate directly finm the trac ea 
the sheep, pig, and ox; it may also imitate the relationship of the stmetu^ 
on the left side. Graham and Womack explain the etiology of many lung 
tumors as being due to failure of the embryonic bronchial buds to deye op in 
normal structures. Although positive knowledge for the cause o eve opmen ^ 
anomaly is lacking, there is reason to behove that in formation o le em ryonic 
organs, moat likely some intrauterine disturbance occurred. 
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Woinaek and Graham’s*® conception is that bronchial adenoma hi which 
endodermal elements predominate are more malignant than others. It is true 
that the histopathologj' of so-called bronchial adenomas, as Graham has pointed 
out for many years, should be considered as potentially malignant tumors in 
spite of the fact that they usually remain benign for a long time. Authentic 
instances of metastases to the adjacent lymph nodes, vertebra, or liver have 
been reported by many authors.*- ®’ **’ 

Since careful microscopic search through various parts of the tumor failed 
to show any evidence of invasiveness of the tumor into the regional Ijmiph nodes, 
and since the histologic character of the specimen herein described was that 
of an adenoma, carcinoid tj-pe, the tiunor was considered definitely as benign, 
and lobectomy only was performed. 

SUMMARY 

1. An unusual case of bronchial adenoma in a supemumeraiy lobe on the 
right side has been presented. 

2. Several anomalies were associated with the tumor. 

3. In spite of its severe sj-mptomatology for almost ten years, the tumor 
remamed benign. 

4. The embryology of bronchial maldevelopment was briefly discussed. 

5. Surgical extirpation is the present day accepted treatment for the 
bronchial adenoma. 

6. The carcinoid type of bronchial adenomas is apparently more benign 
than the mixed tj-pe tumors of the lungs. 
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table X. EEVisioN After Drainage Procedure 


:-^--- NO. OF CASES 

1. After pneumonotomy 


one revieion 
two revisions 

5 

three revisions 

1 

2. After empyema drainage 
one revision 

1 

two revisions 

2 


Brain abscess developed in seven patients wbo were surgically drained, iu 
no patients in whom resection was employed. Six of the seven patients died 
of this complication; one patient was cured by excision of brain abscess. In two 
of four patients examined postmortem, undi'ained lung abscesses were found. 

LATE RESULTS 

An evaluation of the status of tlie patients at least one year folloudno the 
latest ease has been attempted. Our estimates of the final lesidts were a^ 
on individual examinations or questionnaires. The ([uestionnaiie ^ ® ^ 
quiry regarding cough, sputum, hemoptysis, pain, and physical activity, 
significant propoi’tion of patients could not be contacted. 

Of the 105 patients treated, 41, or 39 per cent, were considered cured; 31, or 
30 per cent, were dead from their disea.se; 13, or 12 per cent, were iving )u 
not cured; and 20, or 19 per cent, could not be traced. 

Patients treated by drainage: 

63 eases—19 deaths (from complications of lung abscess or fiom operat' ) 
44 survivals 

11 secondary resections 

2 deaths 

4 cured 

2 improved 

3 not traced 
33 otheis 

6 not traced 

1 died from other disease 
26 followed 

Of the 26 patients followed, 20 could be considered cured and six 
Of the six improved patients, three still had some drainage autl 

six contmued to raise sputum, five had coughed up blood since isc a ° 
six had varying degrees of chest pain. Thus onl}'" 32 per cent o 
63 patients were known to be cured without resort to secondary lesec 
complete follow-np it was statistically possible for 41 per cent to lave 
a cure. 

Patients treated by primary resection: 

31 cases—7 deatlis 

24 survivals 

8 not traced 
16 followed 
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Of the 16 patients followed, 13 could be considered cured, one improved, 
and two unimproved. Of the three patients not eui-ed, three were stil haimg 
8 ome drainage fwm the wound, three continued to raise sputum, two had 
coughed up blood since discharge, and two bad varying degi-e^ of eh^t pam 
Thus of the original 31 patients, 42 per cent were known to bo cured. AVith 
complete follow-up, it was statistically possible for CS per cent to have obtained 

a cure- . , . , . 

Patients treated by sccondarj- resection (includes 11 patients previous y 
drauied at Banics Uospital and 11 patients dinincd cla..where) ; 

22 cases—5 deaths 

17 siinnvals 

6 not traced 
12 followed 

Of the 12 patients followed, eight could be considered cured and four im- 
proved. Of the four patients not cured, none wei-c having dram^e from their 
wounds, four continued to raise sputum, four had 
charge, and three hud varying degrees of eliest pain Thus 
of the original 22 patients were known to bo eiircd. ith comploto foil - p, 
it was possible for 59 per cent to have obtained a cure. 

discussion 

Vallo’ prcidously reviewed the cases of lung abscess seen on the Che^ Surr¬ 
eal Sendee at Barnes Hospital between 1932 and 1^3. ne un r 
four patieuts -with lung abscess were treated surgically, wi 
of 38.8 per cent. Twenty-eiglit lobectomies and two pneunioiiwtomies i - 

eluded in tliat scries, but a breakdown of the mortality rate into drained and 
resected cases was not presented. The reduction m mortality to 30 per c^t 
dutdiig the six-vear period 1943 tbraiigb 1948, and to 16 per cent lom 
through 1948 Is gratifjdng, but oven these more recent figures emphasize t 
serious nature of the disea.so. Our series includes a high pereentago o mu p e 
and multilobar abscesses wliicli would suggc.st a liigh proiiortioii o ueg ec 
cases ivith complicated disease. , 3,1 

Comparison with other reported series Is of interest. SwMt yz e 
cases of lung abscess seen at the Jlassacbiisetts General Hospital between m 
to 1945. Seventy-five patients were subjected to operation, witli a 
of 15 per cent. A cure rate of only 31 per cent was obtauied m ‘ho dramed 
patients without resort to sccondarj^ resection. Fifteen primary lo^tomies 
and eleven secondary resections were performed with two deaths. No pnein 
nionectomies were included in his series. The series reported y ®^ 
hardly comparable since it contains only cases of putrid lung abscess draine 
within six weeks of the onset of the disease. However, lie obtained the extremely 
low mortality rate of 2.3 per cent using drainage as the only method of surgica 
attack. In this same series be indicated a very'' high cuie rate. 

Recently several authors have reported veiw favorable results with the 
frequent use of pulmonary resection. Shaw and Paulson* reported 5- resections 
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performed for chronic putrid lung abscess with two deaths, a mortahty of 3,8 
per cent. The postoperative empyema rate, however, reached 28.8 per cent. 
Kent and Ashburn® reported 30 eases of chronic lung abscess treated similarly 
with two deaths, a mortality of 6.6 per cent, with an empyema rate of 6.6. 

The trend on the Chest Surgical Service at Bames Hospital in the past 
few yeai’s has led to the more frequent use of lobectomy and pneumonectomy. 
Segmental resection has been employed only rarely. As specific indications for 
the emplo.rnnent of primary resection in the treatment of lung abscess, the fol¬ 
lowing may be listed: (1) multiple lung abscesses; (2) associated bronchial 
stenosis; (3) extended ehronieity mth fibrosis and secondary bronchiectasis; 
(4) suspicion of bronchial adenoma or carcinoma; (5) suspicion of infected 
congenital lung cyst; (6) abscess somewhat inaccessible to drainage; (7) simple 
lung abscess in the good risk patient which is failing to respond to conservative 
treatment. 

SUMMARY 

1. As a result of improved surgical techniques and extensive use of anti¬ 
biotics. the mortality of surgically treated lung abscess at the Barnes Hospital 
has declined from a previously reported rate of 38.S per cent prior to 1943 to 
16 per cent from 1946 through 1948. 

2. The fre(iuent employment of pulmonaiy resection in many instances 
in preference to drainage has contributed significantly to reduction in mortality 
as well as improvement in the cure rate, particularly in the complicated eases,- 

3. The I '1 resection empyema rate decreased from 68 per cent from 1943 

throuel- 1945 21 per cent from 1946 through 1948. This reduction coincided 

with iiiiensi\’e use of antibiotics as well as the more general application of indi- 
vidua,' b-atiou technique. 
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BRONCEOSCOPY IN THE TREATMENT OF SPONTANEOUS AND 
TRAUMATIC PNEUMOTHORAX 

JIoKRis Rubin, M.D.,* and Ei.i H. Rubin, M.D.,** Nkw York, N. Y. 

npHE treatment of simnlnneoiiR or uiieomplieatcJ trunmutic pneumothoTO:, 

1 as a rule, presents few (liffienltics. The air in tlie plenrul cavitj' Ls alisorbed 
in a few weeks; at most, one or more aspirations are necessary to hasten re- 
cipnnsion of the lung. In the presence of temsion pncnmothormx associate ^ 
with intmthoracic pressure .symptoms, continuous air dellatiou Is institutwl by 
means of water-sealed drainage with or without negative suction. The instil¬ 
lation of irritating suhstaiiees into the pleural cavity in an attempt to induce 
a sterile pleurisy and thereby obliterate the piieiimotliorax is another met 
of treatment. Silver nitrate, hypertonic glncase solution, gomenol, or the 
patient’s own blood is used for the puriiose. But iiiDsmiieh as the induction of 
so-called provocative or chemical plcuritides is not always effeetive nor evoi 
of danger of causing an intense pleural reaction ivith possible permanent im 
pairment of lung function, tliis method of treatment is losing faior. nstea , 
an increasing number of patients with chronic or recurrent piicumotliorax ara 
being submitted to operation with the aim of resecting the ruptured b c ® ’ 
or even the entire lobe if the latter is a source of repeated blowouts. Direct 
surgical treatmot is also displacing intraiileural imeumonolysis whioh ls us 
occasionally to free the lung of susjiending adhe-sions permitting closure o le 
pleural opening. The forementioned arc, in brief, the current method.s of tron - 
ing nontuborculous pneumothorax. 

Except for pns.sing reference to the use of lironcliosoopy for diagnostic 
purposes, a reriew of the literature on spontaiicous and trniunatic pncumotliorax 
does not reveal a single report which stresses the m-ed of this men.sure as an 
integral part of the treatment in certain cases. This is surprising in view o 
the fact that a lung collapsed by pneumothorax may fail to reinflate not because 
of factors relating to the huig rupture or to the pneumothorax, but as a resiU 
of bronchial obstruction. Viscid secretion, clotted bloi^, or other tjTies of 
impaction witliin bronchi or bronchioli may prevent the ingress of air into t le 
lung, thus maintaining the organ in a state of collapse. This has been our 
experience in two patients ivith sirontnneous pneumothorax and two ivith trau- 
luatic pneumothorax. In each instance hronchoscopy, when other measures 
failed, was used with gratifying residts. 


RKPOBT or CASKS 

Cass 1._T. K., a »tu,leat, aRCl 17 ilevclvrfU aa upl«r respirulory lufecUon. 

Tlwt wm. night l.o mm Mixed with Mvere rhet pain, lever, eungh, and dyspnea. He wna 
■vinmad to a honpltal whore he was given pcnioillln lor .nrpertod pneumonia. A roenigeno- 

Hecelvotl for publication Sept 29. 1960. 

•VUltlny Thoracic Surgeon, Seton Ho»pltal. N«\v York, N. . Vnrk N Y 

‘•Director of Chest DlvUlon*. Morri*ania City and Seton Hospital*. New -1 ork. N. Y. 
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* ^ 1, T. 1^) Roentgenoeruma of a boy of 17 years Allowing utelectasia in tbc presence of a spontaneous pneumothorax. Be¬ 

fore and after bronchoscoplc aspiration. A, Feb. 24, 1960. Pneumothorax on left collapsing about 50 per cent of lung; no adhesions or fluid; 

displaced. B, Feb. 28. 19B0. Increase In size of pncuinotliorax the left lower lobe being almost completely collapsed; small amount of 
fluid at loft base; heart slightly displaced to left. (Bronchoscopy, March 7, 1960.) C, Marcli 20, 1960. Pneumothorax completely absorbed; no 
gross abnormalities seen. 






llUniN AND HUDIN ; DRONCliaSCOPV FOR I’NKUJIOTnORAX 
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gram of the ehest the follo^-ing day revealed a left-sided pneumothorax, tlie lung beine eol 
lapsed to aimut oO per cent of its volume. The heatrt was not displaced; no fluid or adhsiou,.’ 
(Fig. 1 . 4 ). Xsp.rat.on of air from tl.e ehest was followed by slight relief. Four days later 
a roeiitnenograin revealed a decided increase in the degree of pulmonary collapse, e.speciallv 
ol the left lower lobe. A .small effusimi wins present at the base (Fig. 15). The patieat’ 
dyspnea, cough, and fever became aggravated. Repeated aspirations of air did not rednee 
the size of the pneumothorax. At this time the patient wa-s seen by us. It was suspected that 
he had a bronchial obstruction due to impacted sputum incident to his antecedent respiratory 
infection, and that this was the cause of the complicating atelectasis of the left lower lobe 
Bronchoscopic aspiration was followed immediately by partial aeration of the lung irith 
coincident improvement iu the patient’s symptoms. By the end of a week, and without the 
need of additional air removal, the lung reexpanded about 50 per cent and in three weeks, 
completely. Neither lung revealed parenchymal disease (Fig. 1C). 

C.\SE 2. T. S., housewife, aged 20 years, became suddenly ill with severe pain in tiie 
t chest, . houlder, and arm. After twenty-four hours, she developed increasing shortness 

reath ..o that by the time she consulted us she was in acute respiratory distress. .1 
oentj,eno^am of the chest taken the day after the seizure showed a pneumothorax collapsing 
mut a third of the left lung. There was no fluid in the pleural space, no adhesion.^, and only 
It displacement of the heart to the right (Fig. 2H). However, a film taken at the time 
le came to our office four days after the seizure revealed almost complete collapse of the 
e t ■wuth fluid occupying half of the pleural cavity (Fig. 25). During the following 
0 ays, three a.'-pirations were made of serous fluid (totalling 1,000 c.c.) and an indetermi¬ 
nate amouiu of air. The intrapleural pressure which was initially slightly positive became 
negative, ecause of the persistent cough and expectoration of thick green sputum, which 
le patient had had from the onset of the illness, as well as the sudden marked change in the 
appearance of the roentgenogram, it was suspected that broncliial obstruction was a complicat- 
rag actor. Bronchoscopy revealed the right main bronchus and all its subdivisions normal and 
ree o secredons. The left main bronchus appeared narrowed; the branch to the lower lobe 
contained duck green secretion which was aspirated. The following day the patient felt 
^eat y relieved. A roentgenogram taken two day's later showed considerable reaeration of 
le e t lung. In six week.s, and without additional aspirations, the pneumothorax wa.< 
absorted, except for a small residue of air at the extreme apex (Fig. 2C). A subsequent 
film showed the lung completely reexpanded. 

C-VSE 3. N. M., a girl, aged S years, was brought by ambulance to the Morrisania City 
ospita^ after having been struck by an automobile. The child was in critical condition, 
unconscious, cyanotic, and dyspneic. She was placed in oxygen, an infusion of 500 c.e. of 
p sma started, given penicillin and other supportive measures. A roentgenogram of the 
lest taken the day of the accident revealed a partial collapse of the right lung hy a pneu- 
mot orax with displacement of the mediastinum and heart into the left chest. A fracture 
was noted of the nght eighth rib posteriorly (Fig. 3H). A roentgenogram the following day 
s owed a marked increase in the degree of collapse of the lung, especially of the right upper 
0 e; fluid was present at the base (Fig. 35). It was suspected that a superimposed atelecta¬ 
sis had occurred as a result of bronchial obstruction. Two chest aspirations yielded aboot 
200 c.c. of air and l.SO c.c. of serosangniueous fluid, but the lung failed to reexpand. Bron¬ 
choscopy was done the foUowing day and viscid sputum aspirated. The patient’s condition 
took an immediate turn for the better. The air in the chest was quickly absorbed, without 
the need of further aspirations, and by tlie time of discharge, two weeks later, tlie lung had 
reexpanded completely (Fig. 3C). 

C.VSE 4. V. K., a man, aged 22 years, was admitted to the Morrisania City Hospital 
three and one-half hours after having been stabbed twice iu the right axilla. The patient s 
only complaint was pain on deep breathing. Examination of the chest showed a closed stab 
wound in the right lower chest. The breath sounds were diminislied to absent on that side^ 

A roentgenogram taken tlie same day revealed a right-sided pneumothorax with the Iun.,j 
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A. 






, 1 .^ ..f s vroir* Bhowlntf atelecUuia In Uie 

tiff. 3.—(Caw 3. N. >L) Ko^nttfiaiuKJO^i* of “ kJIJ ^^brvncho«oplo aspiration. A, 
tnw of a trauniatic pneumothorax. i,o^f of lunff’ no adheslona or rtulU. con- 

H9 Pneunwthonii on right collapsing oW .‘“J£:ture of eighth rib on right, 

■able displacement of heart and of Heht lung, especially of up^r Iot>«; 

•. 1149. Marked Increase In degree of iq® i949). C, June 24. 1049. Right 

1 amount ot Hutd at rluht baao (nronchoaool^ J^a 1“' i"*”- 
completely reexpandod; no gross abnommltUes seen. 
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collapsed about 50 per cent of its -volume. There were no adhesions; a small effusion ob¬ 
literated the right costophrenic sinus. The mediastinal contents were not displaced (Fig. 4J) 
The treatment consisted of air removal and intrapleural instillations of penicillin and strep¬ 
tomycin. Eleven days later, a comparative film showed a marked increase in the size of 
the pneumothorax with complete collapse of the right lung (Fig. 45). At this time the 
patient developed dyspnea. On the assumption that the right lung had sustained a super¬ 
imposed atelectasis, bronchoscopy was done, and a large amount of mucus aspirated. Follow¬ 
ing bronchoscopy, the patient experienced immediate relief and no longer required air 



B. 


G. 


Fig. 4.—(Case 4, V. I^) Roentgenograms of a man of 22 years showing A, 

the prMence of a traumatic pneumothorax. Before and after bronchoscoplc Mplrati^ . 
June 22, 1950. Pneumothorax on right collapsing about 60 per cent of lung: no aun^* 
small arnount of fluid at right base. Subcutaneous emphysema In right '?5n,pletely 

July 3, 1960. jMarked increase In size of pneumothorax, the right lung alniost 
collapsed. (Bronchoscopy, July 7, 1960.) G, July 10, 1960. There is considerable reexmm 
of right lung; a patch of atelectasis still present In right upper lobe: small effusion pe‘ 
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asplraUcn*. A Blm taken tUree du.T» Inter M,o»e,l ronnldcmble rcaemtien of tko lung a 
patch of atelectaula still iKlng prc«nt in the right upper lobe (Fig. 4C). The patient le 
the hoepltal before the lung hud reexpnndotl completoly. 

Onr initial eaperionce with bronchOM-opie suction in tlie tientnieut of a noucx^ndiug 
lung wo, in a dentist, aged 37 yeunl, wlio developed n spoutuueous puoumothorux 
fiJlawing on injection of histamine which he hud been receiving for the re ief of 
The patient was taken to n hospital where a pnoun.othorax was found about 7S 

per rent of the right lung. After soveml days, ho returned home comfortable but 
dyspncic. Three weeks later, shortly Irnfore consulting us, lie had a recurrence of '■“t I“‘” 
and the dyspnea bevnmo severe. Examination at tills time revealed a right-sided pneumo¬ 
thorax with almost complete collapso of the lung. For several days the patient 
by drily withdrawal, of 500 to 1.000 c.c. of air. I. was noted that after the remova of air 
the pressure, which was initially positive, became negative, but a. soon as the patient be^ 
to cough and exert hinusilf the pressure became ngnln positive. This “"V, ‘ lo^ 

screral of the tilms rovcnlcil n circumscrlbcil tmnsluccncy merlviug o ^ , ’ 

suggested that a ruptureil bleb was the underlylug cause. 1“ ‘ ^ 

struction. Incident to n probable Ijronchospnsm following the injection o 

he preventing reueration of the lung, bronchoscopy was done. The rig i n jjunjlied 

found occluded by a plug of gray mucus which was aspimtcl. The 

and no pathologic' change noted. In spite of bronchoscopic suetta and 

to reext^d the lung, there was little change in tho patient's condition. Bron 1,^ 
rcpcaterand, at tUii time, an effort was mode to nspimto the smnl 

narrow rubber catheter attached to the end of a metal nspirnt ng tn s . ' > watient's 

ConsUlrel of uedeewnter drelnnge and, on several occasions, the 

own blood into the pleura in the hope of provoking a pleura renc ' V* . , nenicUlin, 

abo of no avail One day foUowing an intrapleural inject on of eXmaC 

which the patient had recelvcsl twice prevlouriy, he developed a a ^ 

eruption of the skin associated with Itching and » ’7wfter”the pneumothonir began 

efftuion appeared ia tUo pnecuuiothomx #pace. Shortly not eomoarable 

to be obUte^cd, and in two week, the lung reexpanded complete y. A thongh 

With the flrst four cases cltrel, l^u« of "e^-o-trntion 

attempting to open op brondilol chonoela seemed cU -nnlil !« nn indication 

of a hlcb or cjstT n patient with chronic or recurrent pneumothorax would be iin indication 

for exploratory thoracotomy. 

discussion 

In cuclt of tlte Unit four coses cited, a partially deflated 
of a pneumothorax, sustained additional collup.se as a rau i, ehnnite 

atelectasis. The occurrence of tlio latter was suspect^ torn a s • 
in the appearance of comparative roentgenogi’ams w iic i "^'7 i™,,™, of the 
not only in the extent of the collapse but also in the o i _~otom 3 

affected lung. A pleural effusion often appeared coineideutally. T 
were in keeping, the cough, expectoration, dyspnea, and fever 
l-ronouneed. Furthermore, in each ease there was ““/'f 
■ of respiratory infeetiot. or chest trauma, predisposing faetora m he develoj^ment 
of bronchial obstmetion. Inasmuch as the condition was rapitUy resolved fo - 
lotving bronchoscopy witliout additional air withdrawals, it would seem to eon- 
firm tho diagnosis and the rationale of the treatment. 

Even if bronchoscopy does not reveal olistruction, it ”^7rable 

exclude its presence beyond bronclioscopie view. If there ns demoustr^h 
pulmonary atelectasis, or if there U an antecedent lustorj' to make one suspect 
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bronchial obstruction, an attempt should be made to cleanse the bronchi of 
secretion in any event. It is well to bear in mind that in the presence of negative 
intrathoracic jircssure, which exists in a low-tension pneumothorax, the inspira¬ 
tory pull preceding cough and exertional dyspnea serves to draw mucus from 
larger into smaller bronchi, and as the latter become plugged there is progressive 
atelectasis of distal segments of the lung. The main bronchi in such cases may 
not be visibly obstructed. 

CONCLUSION 

Bronchial obstruction with or without demonstrable atelectasis may com¬ 
plicate a spontaneous or traumatic pneumothorax preventing reaeration of the 
lung in spite of strenuous attempts to obliterate the pneumothorax space. It is 
essential, therefore, that in obstinate eases bronchoscopie aspiration be employed 
to cleanse the bronchi of secretion and allow ingress of air in addition to at¬ 
tempts at obliterating the pneumothorax space by conventional methods of 
treatment. 



TtlE PULMONARY ARTERY IX BROXCUIECTASIS 
Waltkr G. GounEL, Jr., M.D.,* Joseph Gokdox, M.!)..•• and 
George J. Digman, il.D., Ray Brook. X. Y. 

M uch Im Iwcn written about bronehicctusls ns a disease entity, and more 
recently numeroas investigators have called attention to tiie presence of 
Ijronelnectaaia complicating pulmonary tubereulosis. Donnor and his associ¬ 
ates''-' in South Africa, who have done bronchograms on moiv than 2,000 pa¬ 
tients with tuberculosis, Iiave suggested that the complication of bronchiectasis 
la ver^* common and often is of such clinical moment as to overshadow the 
tubereulosis and render collapse ineflfeetivo, Nonis and Landis'* stated that 
broncluGctasis ia present in more than 21 per cent of tnbercnloua hmgs seen at 
autopsy. Jouea^ and her coworkera i-ecently have rciwrted on the relationship 
between tuberculosis and bronchiectasis, but made no mention of the possible 
functional diffoi'cuccs Iwtwecn the disease entity bi'ouchicctnsis and bronchial 
cctoaia encountered in tuberculosis. Liclxiw and ajflwciotoK" Imvc drawn atten¬ 
tion to the role of the bronchial arteries in this disease. The term lironchicotasis 
used in this pai>er denotes the pulmonary disorder chaiacterized by dilatation 
o! the bronchi and pathologic changes in the bronchial wall and adjoining tissues 
which are found as a stxiuol to many varied and ap]>areutly unrelated conditions 
which include broncliopucumoniu, lung uRhccrs, neoplasm, and influenza. It 
docs not include bronchial ectasia commonly associated with pulmonary tuhercu- 
loshi. Although tho study of the i>ulmoimry arterias by injection of a contrast 
media is not new, little has been written about tiie pulmonarj'" arteries in broii- 
chieetaais and their possible role in altered function. Tho following studies 
Were limited to the bronchial tree and to tho pulmonary arteries, for they are 
l-eadily accessible, and any alteration in either of these two should be reflected 
m an alteration hi function. 

ilATERLVLS .VXD METHODS 

While numerous materials were used as contrast media, iodized oil was 
found to he most suitable. As soon as each lung spocinieu was obtained from 
cither the operating room or tlic autopsy table, the pulmonarj' arteries were can- 
uulated and the iodized oil injected under fluoroscopic obsen'ation. The cun- 
nulae wore then removed, the vessels ligated to prevent retrograde spilling of 
the iodized oil, and roentgenograms taken. The lironchi then were injected in 
a similar manner irith care being taken to avoid overfilling so as to prevent 

I'W the Department of Sursen*. Ray Brook State Tuberculoel* Hoipltal. 

Rc<?^ved for publication Oct. H, 1950- 
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passage of the oil into the alveoli. Roentgenograms were again taken. Usiii» 
this method, Inngs were studied which had the classical lesions of primary 
bi-onehieetasis and tuberculosis. Normal lungs were also studied. 



Pig. 
Note thf 
unlform i 


^ lung In which the 

gradual tapering and increased 
'itt-m Oiroughout the lung. 


pulmonary artery has been Injected with lodUed oil. 
branching of the vessels which form a delicate and 



Bronchogram of a patient with extensive bronchiectasis of the '"yS 
*,? w? 1 *^^^ upper lung field represents an area of lung with 

fj 1“"^ from same patient with the pulnionar>' artery 

Iodized oil. I'lOte the similarity of the nulmonarv arterial nattern with that of Pt&v 

bronchi injected with iodized oll^lllustrating the extreme gjjher 

tasis. The dense ar^ at the periphei^' of the lower lobe which is not penetrated 
pulmonary artery or bronchi Is due to a subpleural hematoma which developed at 
resection. 
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RESULTS 

The imlmonarj' arterj- in (he normal Iuiirh showed tlie major branches 
giving rise to smaller radicles which diminished in caliber as they approached 
the peripherj- of the lung. The gradual taiicring and increased branching of 
the vessels formed a delicate and uniform pattern tbroughout the lung down 
to vessels of iirceaiiillary size. In no ))lace wci-c they widened, .shortened, or 
distorted (Pig. 1). 

The pattern of the indmonary artery in bronchiecta.sLs of the nontuliercu- 
lous lung was the same as that seen in the uiiinvolved lungs (Pig. 2). The 
major branches were uniform in size and gave rise to small radicles which had 
a similar delicate arborization as observisl in the normal lung. 



n.!. —Ee/t. Poiterlor-antcrior roentgenoffram of the (Sieot tyken nhortly 

lulf* wtlent haU flbroco^couB pulmonary tubcrculoji* of the onUns left FoUowlnp 

I'PI^Plfuty on the loft there woj* ipreitd of tllecaJic to the rlnlit lung with PrwlucUonof 
tliftcaM nnil cavitation throujfhout tho upper half of the lung flcli /clont. Sp^* 
««« which the heart end both lunge were amoved en bl^ ^otc 

}2*. abeence of branchuB of the pulmonary artery throughout the 

pppep lobo and »uperlor aegment of Uio right lower lobe. In the right lower 
«ooe whlcli !■ relatively free of diacnae there la a normal pulmonary arterial pattern. 


Oil the contrary, in tuberculo-sis the pulinonurj' arterial pattern was 
markedly altered in the areas of fllirocasoous diseoHC (Kig. 3). ifany of tho 
larger branches were sliorleiied, narrowetl, and. irregularly distributed. There 
was a marked paucity of tlie smaller branches in areas of flbrotic disease, and 
t^mpletc abscuee in ai'cas of caseation. This same pulmonary arterial pattern 
''as present whether bronchial ectasia was present or al)sent in these tuberculous 
areas. 

DISCUSSION 

In a consideration of functional capacity of tlio lung, the jiresence of patho- 
jogic changes becomes important Fibrocaseous tuberculosis is accompanied 
invariably by an obliterative arteritis. Thus, the areas of tho lung which are 
l^riy ventilated duo to a tuberculous process are in turn poorly circulated, 
and one would not expect unsaturated blood returned to the loft auricle from 
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areas of disease to be either absent or deficient 1T<. i f eolation m the 


ArferiaJ BUoi 
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CR. 3,L. 
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E 3 Post-op 


Wer=“'. ni J'5- ''A' A.«. ■I'-l 
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S'^atfw ®irV THp’P apers of ilaler, H., Cournand, A., Riley, R, 

denotpq ^ blood oxygen saturfl^i^iT^^ column In each group of two denotes the pre- 

except In level There* j" second column In each group 


exceot In level There Yo „ second column 

marked deer^® J- R- wWch shmv„ „ consistent elevaUon In the post 

marked decrease In the poktoMritlve "o change and in D. M, 

i^operatlve level. For discussion see text 


who shows a 


to disdnmimL of lung abscesses. He concludes that he is thereby able 

matoiy nature of tuberculosis and those of common inflam- 

laritv nf tnhe I oi’g'® verified by angiocardiopneumography the avascu- 

L°f rute2r'““''r‘ 'rT 

sis fnnnrl thQ+ +i ’ *** t^ioir hjstologic stud}" of 110 eases of bronchieeta- 

no'o-pnennl el Vessels in the vicinity of the affected bronchi showed 

If ^prp io . *****^®^ in one case,which showed a productive endarteritis. 

demonstrated above‘'Tn^air^'^'/^" pulmonaiy arteries that have been 
. 1 ,• . , 1 aieas of uontuberculous bronchiectasis, then there is 

m on t entilation, and one should expect decreased systemic arterial 
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oxygen Buturntion. Althougii the hlootl How througli the pulmomiry urtories 
ill areas of )irimiiry broiieliie'etiisis has not heeni stiiclieil, the iirtcrics are iiitaet 
for porfiwioii. Sueli an arrangement as is here ileiiionstrutetl suggests a sliuiit 
iiicclmiiisiii in tiint vciions hlood llowa throngli the nnvcntilatcd diseased i>ortioii 
of tile lung and returns to tlie left anriele as venous hlood wliere it mixes witli 
Wood from other areas of tlie lung that aiv normally eirenluted and ventilated. 
Maier and Cournand.'^ and (Tonrnnnd, Riley, Ilimmelstein, and Austrian” 
studied jne- and iHi.stojiemtive arterial oxygen satiimtioiis on a number of 
iironoliieetntie. ]Hitieiits who underwent pulmonary ivscetioiis. They found 
definite improvement in the postoperative arterial oxygen saturation in twelve 
of fourteen case.s, one patient showing no difl'en’nee (Fig. 41. The imtient who 
sliowcd eoiisiderable deercasi' in his po.sto|H‘ra(ive arterial oxygen sntumtiou 
had the eomplicntion of pastoperutive left upper loin' ateh'etasis. llaier and 
C’onrnnml,” in .speaking of the imstoperalive eomidieati(m.s of ateleetnsis, state 
lliat; "Since a consideruble amoitul of blood may be llowing thiough the pul¬ 
monary vessels of a i>oorly ventilated lobe, arterial oxygen inisaturatioii losults." 


SUMMARY 

Injeetioiis of the ptilnioiiai'y arteries with a radio-opuipie material in en.scs 
of iiontuhoreulous hrouehieetiusis reveal a normal iiattern in eontrasl to tuln’r- 
culosis, and suggest that the arteries an* iutnet for )icrfttsion. Following re¬ 
section of the broiiehieetatie portion of the lung, there is an increase in the 
arterial oxygen satunitioii. This improvement is thought to be due to the 
tvmoral of the (loorly ventilated but ade<|ualely einnilate 1 diseaswl imrtion of 
the lung which Is acting us a venous-arterial shunt nteehanism. Hespimtorv 
physiologic studies support this observation. 

In flbroenseous pulmonary tubonnilo.ds Ibeiv is an iriTgiilnril.v of the large 
branches and a marked imueity of the small hranehes in fibrotie areas and com¬ 
plete absence in areas of caseation. The alisonee of cinmlntion in the poorly 
'■cntilnted areas is an explanation for the findings of normal arterial o.xygon 
saturation in pulmonary tuberculosis at rest ih-siiite loss of considerable inil- 
niotutry tissue. 
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LrnDR HERNIATION SlilULuVTING INTRATIIORACIC TUJIOR 

CuARLEs 0. Child, III, 31.1)., Oijls- S. H.vrmox, 1^., 

Charles T. Dotter, 3I.D., Isilvkl Stein-behg, 3I.D., New York, N. Y . 

H erniation o£ all or pan o£ the right lobe of the liver through the dia¬ 
phragm la uncommon, having been doicribed in oniy six instances. i 
cases of diaphragmatic hernia reviewed by Hedblom.' protrusion of t le 
into the chest occurred in only fourteen puticuLs. Einee the presence o t er 
tissue in the chest may clasely simulate a mediastinal or pulmonarj tumor, t le 
correct diagnosis is usually not made (or entertained) prior to operaUon or 
autopsy. In order to direct attention to hepatic hcniiation as a j^ssi i y o 
be considered in the differential diagno.sls of rounded shadows in the right 
lower lung field which arc contiguous with the diaphragm, an illustrative case 
is cited. 


C.VSE REPORT 

, A ffl.j-ear-oM Genaan sheet metal worker (N.Y.H. .W? 327) wo. 
of epigutrie pain of twelve year.’ duration and a twenty-live pnun * eaventy 

the preceding year, h’ortyfour years ago, ot the age of 10 years, e a -hjnmimil 

live feet, snstainlng a eerebral concussion and multiple fractures; no eniirastrie 

dlitresi eonld bo obtained. Twelve years ago he first noted » “T*’ 
pain nnially occurring about two hours after meals and rel eve > ' I,.,!.. .ham 

gradually changed to a constant, doll, epigaatrir aching with oecn* onn hema- 

kaifelike pala la.tiag a few avlnates. There was no history 

t.n.e,u, jaundice, diarrhea, nnorexia, bloody or tarry .tooba Only a .light cough had 
been noted. Physical exurnlnallon was essentially nonnnl. .v-mlx* flrcnm- 

Roentg,n„rram of the che.t (Fig. 1) .bowed . large, homogeaeou., 
reribed msT in the right anterior ehet. Thle did not pulsate oa 

there any ovldeoce of a fluid level or ureas of ealcificBtloD. It co no thought to 

thft diaphragm. On the basis of the roentgenognmi appearonM, e m unrevcol- 

he s pulmonary or mediastiaal tamer. Pertinent i.borntory examination, were unreveal 

ing, and explonitorj’ operation waa decided upon. . , a i i i?vp.r wim en- 

At operation a large, round herniation of part of the rig o Ajnnhrann. The 

countered, pawing through the central portioa of the dome of ® 
hernisted portion was counectod to the remainder of the liver ^ t*” tmnivacUng iU base 
rircamreriUd by . tenuau, band. The entire n.ass wa. removed 

and the resulting defect iu the diaphragm closed. The patien . ^s nnsnnincoccuB men- 
nneventful with relief of s>'mptom8. He died one year later due o a p 

ingitls. 


SUMMARY 

This case is unique iu that the traumatic diapliragiuatic hernia P™b“Wy_ 
bad its onset forty-four years ago. Pain i-eferablc to tlic ^on raine 
hvo yearn later and may have coincided with meareerution of the herniated 

VIWl 'wfi' Depsrtraenu ot SurEory and HadloIOEy ot Uie New York Ho.plta Co 
"eOlaj Center. 
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Fig. 1.—Lilver Hernia. A, Frontal roentgenogram shows a large, rounded mass adjacent 
to the right heart border and contiguous with the diaphragm. B, Right lateral roentgenogram 
shov, s the anterior position of the mass which simulates an Intrathoraclc tumor. 



Fig. 2.—Liver Hernia, Operative Findings. A, Incarcerated portion of right anatomic 

protruding through central dome of diaphragm. B, Diagrammatic Illustration o ,,|ygtratlon oi 
lations of liver, viewed In sagittal section through the hernia. 0, Dlagramma 


lesion viewed from In front. 
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liver protruding tlirougli tlie diaphragmatic tear. Kecno and Copelman* re¬ 
ported delayed heniintion o[ the liver and gall bladder in a severely injurctl 
paratrooper, but symptoms occurred soon after the trauma. The present case 
(as well as most of the others previously reportctl) was not diagnosed prior 
to oiieration. It is presented to stress the importance of considering diaphrag¬ 
matic herniation of the liver in the diflferential diagnosis of rounded masses 
■contiguous with the right diaphragm. Diagnostic pneumoperitoneum with 
rocntgenographic study could he expected to aid in making the diagnosis. 
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UNUSUAL DIAPHEAGMATIC HEENIA WITH DISPLACED LIVER 
Louis P. Knoepp, M.D., Alexandria, La. 

T EAUMATIC diaphragmatic heimia with displacement of the liver is of 
uncommon occurrence. Harrington reported a series of 430 diaphragmatic 
hernias of all tjqies and only two had livers displaced within the thorax. Oue 
of his cases was similar to the one reported herein, in that the right side was 
involved. Our case presented a double hernia with a diaphragmatic tear and 
an additional intercostal hernia. Organs involved were the liver, gall bladder, 
and hepatic flexure of the colon. 


CASE REPORT 


Mr. O. A., a 59-year-old white man, entered the Veterans’ Hospital !^[aTch 25, 1950, 
with a complaint of right chest pain which had been present since World War I. The 
pain had been dull and constant, and during the last several months had been seemingly 
progressive. Inspiration and walking aggravated it. It had been accompanied by a 
second pain over the precordium during the last three months which was described as 
being mild. He had never had any ankle edema, but was troubled with a frequent dry 
cough. Inasmuch ns he had been diagnosed as having tuberculosis in 1918, he was con¬ 
cerned that this disease might be the offender. Inconspicuously, he told of a stab wound 
in the lower right anterior chest which he received eighteen years ago and had healed 
promptly. 

The family history and past history were irrelevant. 

Physical examination revealed an obese male of the stated age weighing 190 pounds. 
He was not orthopneic, and appeared comfortable. The findings were essentially limited 
to the chest. There was dullness over the lower half of the right thorax, and no breath 
sounds could be heard there. The heart was uot enlarged to percussion, and the sounds 
were normal. There was a healed stab wound in the right seventh anterolateral inter¬ 
space which had a “mushy" feel, and presented a defect in the intercostal muscle. There 
was no venous distention and no peripheral edema. 

Hematology studies preoperatively showed a red cell count of 4.36 million, white 
cells 6,650, hemoglobin 12.2 Gm., and a normal differential smear. The sedimentation rate 
was 3 mm. per hour. Urinaly-sis was normal. Five sputupi examinations were uegatiie 
for tuberculosis organisms. Three stools w-ere negative for ova and parasites. Skin tests 
for blastomj-cosis, coccidiomycosis, histoplasmosis, and echinococcus were negative. Brom 
sulphthalein test of the liver showed 10 per cent retention in 45 minutes. 

A roentgenogram of the chest showed a slightly lobulated mass in the entire lower 
half of the right thorax continuous with the diaphragm. The heart was moderately >3 
placed to the left. Barium studies of the intestinal tract revealed a loop of hepatic flexor 
of the colon above the expected level of the diaphragm and anterior to the mass. A diag 
nostic pneiunoperitoneum revealed some of the air to have ascended into the right 
partially surrounding the mass. The roentgenologist interpreted the mass to be “ 

could not rule out a mass within the organ itself. Roentgenograms of the gall bla 
revealed nonvisimlization. 


Reviewed In the Veterans Administration and published with the approval of tlie 
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!•—PrwpcraUve rocnUrenogmum. Po*teronnterlor vl**w <*)jowii pncuniii|>»ritoneum. 



J.—Po#toperQtJre roent«cnoffrani with Uvor replac^tJ ontj phrenic pamlyrls. 
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Ou April 25, 1950, the patieilt was explored through a right posterolateral incision 
over the bed of the seventh rib under endotracheal nitrous-ether-oxygen anesthesia. Three- 
fourths of the liver, including its entire right lobe, gall bladder, and hepatic flexure of the 
colon were found in the right thorax completely displacing all lung tissue from the lower 
half. Adhesions were dense but separated without difficult}'. The liver and colon were 
returned to the abdomen, taking about five minutes to return the former organ by rotating 
and flexing it 90 degrees. No embarrassment to the heart was noted in this reduction. 
The right phrenic nerve was crushed, and the tear in the diaphragm sutured with inter¬ 
rupted silk. There was a 4-centinieter hernia in the seventh interspace where the colon 
had emerged at the stab w’ouud scar. This was covered only by skin but was easily ap¬ 
proximated b}' tacking the diaphragm against it. The lung expanded well and the pleural 
cavity was connected to an underwater trap by two right-angle drainage tubes. One 
thousand cubic centimeters of blood were given during the operation. 



Fig. o. Operative findings—liver, gall bladder, and colon displacing lung through dlapl"^ 

matte and Intercostal hernias. 

Postoperative convalescence was uneventful. The patient was sitting in a chair 
on the second postoperative day and walking the third day. Within two weeks 
marked that he no longer was dyspneic and felt better than he had for years. h<o icntia 
tion studies were done on this patient. He was discharged ilay 10, 1950. 

DISCUSSION 

The diagnosis of this case offered many problems. The presence of a seem 
ingly lobulated mass in the lower thorax entails a differential diagnosis of tumors 
and cysts of the lung, liver, diaphi-agra, and medias-tinum. The evidence o 
communication between the peritoneal and right pleural cavity was pure hap¬ 
penstance, and enhanced the effectiveness of the pneumoperitoneum iu esta - 
lishing the fact that this was a hernia. One normally expects to find a comple e 
seal of the opening, particularly after many yeai-s have passed. 'Wliether one 
was tlien dealing with a mass in the liver would depend on what the surgica 
exploration showed. 
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Sjniiptoms in tliis cajje were limited to embarrasuniont o£ the curdiovasculur 
sjutcni. Tile eolon was not obstructed in its displaeement. Although we did 
not have any jireoiierativc diagnostic informjition on euriliae output, the patieni 
denionslnited moderate dyspnea on exertion which was relieved by the opera¬ 
tion. One can visualiw the considerable impainnent on the lioart produced 
by the torsion and angulation o£ the inferior vena cava. The sedentary Ufc 
of this patient probably helped him from evidencing any real cardiac failure. 

Operative problems were overcome largely by (1) a thoracic approach, mid 
(2) temporary relaxation of the diaphragm produced by crushing tlie pluenic 
nerve. Replacement of a large organ as the liver must be done gradually to 
obviate any severe taxation on the uiput to the heart. Suture of the large rent 
offers no problems if none of the atrophic muscle fibers of the diapliragm are 
sacrificed in the disseetiom The intercostal hernia offered no technical problems 
and was more an interesting additional finding. 

COXCLUSION'S 

1. A truumatie hernia of the right diaphragm is reported which presented 
displacement of the major poitiou of tho liver, gall bladder, and hepatic colon. 
It was accompanied by an intercostal heniia containing the loop of eolon. 

2. A liver displaced within tho thorax can produce considerable cardio¬ 
vascular impairment of fuiietion, and should be corrected early if possible. 
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HOMOTEANSPLANTATION OF TEACHBAL SEGMENTS PEBSERVED 
BY LYOPHILIZATION; AN EXPEEIMENTAL STUDY 

Albert G. Marrangoni, M.D.,* Pittsburgh, Pa. 

T he use of tracheal homografts has been suggested as a possibiht}" in repair¬ 
ing circumferential defects of the trachea. The appUeation of such a pro¬ 
cedure becomes apparent since resections of the trachea are feasible in the 
treatment of malignant disease pi-imary in the trachea or secondarily affecting 

the trachea from adjacent structures. _ 

Attempts to bridge defects in the trachea and primary bronchi by tubes 
of glass, stainless steel, or Vitallium has been attempted by Daniel. He 
lhat a ^'iable tissue cover formed about the tube and in some animals, \\e i 
ferentiated cartilaginous rings were formed in tlie developing tissue about le 
tube. Longmire~ reported the use of a Lucite tube in repairing a tiac ea 
defect in a patient with good results. Clagett and his co-workei-s’ use o) 
thene tubes and most of the dogs did well, but iii some instances the tu es can e 
loose or collapsed. Successful autografts of segments of bronchus have een 
reported by Carter and Streider." They also reported successful results w 
homografts, but in these cases stenosis of the Irronchus was the great pro em 
Ferguson, Wild, and Wangensteen® have reported unsuccessful ® 
attempts to reconstruct short tracheal segments by means of autogia , 
grafts, aortic grafts, and tantalum gauze. However, these grafts veie s u 

only for slroi-t periods of time. , , 

Ti’acheal homografts can become feasible if methods are deve ope 
which tracheal segments can be secured and stored in a relatively simple maune^ 
The preservation of tissue by lyophilization was fiist suggested by We ster ^ 
1943. He attempted to transplant skin with poor results. In those 
which can be transplanted successfully by host replacement, lyophilization^^ 
an ideal method of preservation because they can be kept at room tempeia u 
for indefinite periods of time.' . ^ 

The purpose of this experimentation was to determine the feMi ^ ^ 
Ijmphiliziug tracheal segments to be used as satisfactory homografts in anini 

JIETHODS OF STUDY 

Preservation of Tracheal Segments .—The tracheas to be pr^er^ed 
taken from animals which had been sacrificed. They were placed hi a 
izer, dried at a temperature of -15° to -25° C., and kept under vacuuin ^ ^ 

nmi.) from seventj’’-two to ninety-six hours, removed, and placed in sea e 
They were kept at room temperature until time of transplantation. 

Received for publication Dec. IS. 1950. h„rBli Mercs' 

•Teaching Fellow In Bacteriology and Pathology, University of s 
Hospital. 
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Imphnlaiion of Tracheal Ifomoyrufts.—Eight (logs avcfo studied iu this 
eaperiment. Under hilmveiioiis iicjubutnl auesflicsiu, a linear weision ivas 
made in tlio midliiie oX the neck, mid the sirup muscles were sepurated to expose 
the trachea. A portion ot tlio trachea ranging from 2 cm. to 10 cm. in length 
was resected. A homograft of suitable size was lij'dratcd with physiologic saline 
and sutured into place. Each animal was e.'iamincd cndoscopically at weekly 
intcn-als. Each animal was autopsied at appropriate intervals, and the site 
of transplantation e.-camined. 



Fijf. 1 ,—L>'ophtU*<sl tracheal homograXt before hyilraUon, 



No 4-10-50. Lj’ObhlUxed homo«traft tea days after tranaplantatlon. Storoso time 
thirty dnyiu 

RESULTS 

Tracheal segnieut« subjected to lyo^iMlization ai'e in all respects devitalized 
They have the appearance of rigid tubes (Fig. 1). After hydration 
physiological saline, they take on the appeamneo of normal tracheas. 
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Results of homotransplaiitatioii of lyophilized tracheas are sunuuarized in 
Table I. There was no infection locally or in the mediastinum. Postoperatively 
all wounds of the trachea healed by primary intention. Endoscopically during 
the first two weeks postoperatively, marked congestion was noted in the area 
of the homograft. This increased vascularity decreased after the graft had 
liealed and was not seen after three weeks. Healing occurred in all tracheal 
homografts except in one animal which developed pneumonia, and a severe 
necrosis was noted in the gi'aft wall (Fig. 2). The grafts healed by replacement 
of the graft by fibrous connective tissue with loss of the cartdagmous rings 
(Fig. 3). In some instances, there was a tendency toward new cartilage forma¬ 
tion within the graft. There was some torsion in the trachea noted, but no 
stenosis was noted in the grafted areas. 



Fig. —Dog No 4-20-50. Lyophilized honiograft ninety days after transplantation. Storage 

time ninety days. 


Table I. Results op Transplantation' op Lyophilized Trache.vl HomogRafts is Dogs 


1 

DOG NO. 1 

LENGTH OF TlilE 

GRAFT PRESERVED 
(DAYS) 

[ length op life 
j postoperatively 

1 (days) 

i 

CAUSE OF DEATH 

pate of graft 

•4-1-50 

10 

8 

Sacrificed 

Excellent 

4-5-50 

20 

15 

Sacrificed 

Excellent 

4-10-50 

30 

10 

Pneumonia 

Necrosis of 

4-15-50 

60 

30 

Sacrificed 

Excellent 

4-20-50 

90 

90 

Sacrificed 

Excellent 

4-25-50 

120 

90 

Sacrificed 

Excellent 

4-30-50 

15 

90 

Sacrificed 

Excellent 

5-1-50 

8 

120 

Sacrificed 

Excellent 


DISCUSSION 

In lyophilization, the tissue is dided in vacuum by reducing its water eon 
tent as ice iirstead of evaporating it as a liqrrid. This process reduces it 1*^ 
lighter and less bulky state, allowing it to be stored at room temperature 
out impairing its quality and value. The proteins are preserved iu a dne 
state so that these transplants act in the same manner as fresh homoginfl® or 
homografts stored in a i-efrigeration medium, 
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The liealiii;; oC lyopliilizcd li'Uehcal Iioniogrnfts occurs by i-eplucomeut of 
the graft by filjrous comicetivo tissue. A .sliglit tiocrosis occurs within the wall 
of the graft (luring tiio first two week-s, l)iit tliis docs not interfere with the 
ultimate hcaluig of the graft. Epithelium regeiieratea along the Iun\on of the 
graft by roiilacement, and there is some tendency toward cartilage formation 
ill its wall so tliat a sati.sfuetory bridging is obtained. 

Ptiniurt- sutura of'the trachea us shown by Xluiscl and Dingivali," Scott," 
•Xach and Rothman,"' and Jackson and his co-workers" is superior to homo- 
grafting. When e.xteimive scginent.s of the trachea arc to he resected, homo¬ 
grafts may be necessary to bridge sucli defects, llomografting is feasible only 
when grafts are presetwed and can lio tiscd as .satisfactory graft.s. 

CONCLUSIONS 

1. Tlie luse of prcNcrvcd homogrufts by lyopliilization lias been described. 

2. The healing of lyopbilized tracheal hoinograft.s takes place by replace¬ 
ment of the graft by conncctiTe tissue 

3. Homografts may bo ncccftsai-y to bridge defects wlierc extensive seg¬ 
ments of trachea arc resected. 
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BEONCHIOGBNIC NEOPLASM 1MASQUERADINC4 AS ALVEOLAR CELL 

CARCINOMA 

"With Report of a Case Clarified Only by Autopsy 
W. L. Potto, M.D.,* and Horace B. Davidson, M.D.,** Columbus, Ohio 

S IGNIFICANCE of human alveolai" cell tumor has been debated for yeais. 

According to Ikeda-*’ and Neubuerger and Geever,^® this condition was prob¬ 
ably fii-st described by Maiassez in 1876 as encephaloid carcinoma. Since then 
a considerably -widening nomenclature has developed; and now includes pul- 
monaiy adenomatosis, suggested by Diymalski, Thompson, and Sweany,'* by 
Sims,*^ by Simon,^-*’ by Eichardson,^’^ by Hildebrand,^® and by Bubis and 
Erwin;® carcinosis, advocated by Bonne;® pulmonarj’- mucous epithelial hyper¬ 
plasia, favored by Taft and Nickerson ;■** diffuse primary alveolar carcinoma of 
the lung, advanced by Simon ;■** alveolar cell tumor, nominated by Neubuei’ger 
and Geever;®® primary multiple alveolar cell tumor, proposed by Neubuerger;” 
and puhnonaiy alveolar adenomatosis, preferred by Wood and Piei’son.®* Both 
Ikeda®® and, more recently, Delarue and Graham” have suggested the term 
alveolar cell carcinoma as most appropriate. 

The number of published cases, regardless of title, exceeded seventy when 
recently tabulated by Simon.-*® But antemortem i-ecognition was claimed for 
only three in this entire gi'oup, and solely by “microscopic examination of 
surgically obtained tissues,’’ according to Weir.®* How'ever, the latter has also 
described an additional patient in -whom aspiration biopsy was diagnostic, and 
considei-s this the first correct preoperative diagnosis ever reported for this con¬ 
dition. 

After reviewing the literature, we shall discuss a further interesting case m 
which preoperative exfoliative studies, preoperative bronchoscopic biopsy, nucro- 
scopic surgical specimen examination, and gross autopsy findings were all com¬ 
patible with primary alveolar carcinoma. Une.xpectedly, however, microscopic 
postmortem study revealed bronchiogenic malignancy, with pattern of metastasis 
entirely indistinguishable from that commonly described in alveolar cell tumoi. 

We consider such a report instructive for two reasons. In the first place, 
apparently all diagnostic criteria had been fulfilled before any surgical proce¬ 
dure was canned out. An even more important, our eventual findings appear 
to cast some doubt upon the possibility of pure alveolar carcinoma actua y 
existing in prtmarj" form. 

•Medical Director, Benjamlu Franklin Hospital, and Associate Professor of Medl 1 
Ohio State University. 

••Patliologlst. Benjamin Franklin Hospital, and Professor of Pathology, unio 
University. 
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CONTKOVEItSUL PERSISTENCE OK IIUJIAN ALA'EOLl.IK EPnilEUUU 


AltUou({li alveolar epitliolimn is iisuully considored proi’equiaite to develop¬ 
ment of primary tumor in this location, embryologists and pathologbts do not 
completely agree concerning its persistence alter the fifth fetal month. 

Bell' believes that partial disappearnnee at that time assists in future oxy¬ 
gen-blood interchange, but feels that certain cells siindve and niay subsequently 
form a continuous layer under jiroper stimulation, lie baa seen evidence of the 
latter iu chronic passive pnlmonaty congestion, and lipid pneumonias, and states 
that h>-perpla8ia may “arise by mnitiplication of pre-e.xistent alveolar epithelial 
cells, and not as an ingrowth of bronchial epithelium.'’ Wood and Pierson,'* 
Ikeda,'* Casilli and White,’” and Miller” also agree: the latter states that “e\d- 
dence jjoints to a continuous epithelium lining tlic pulmonarj- alveoli.’’ 

In further confirmation, it is recalled that Slyc, Holmes, and Wells” re¬ 
ported spontaneous development of alveolar tuniois among mice in 1914. 
llnrphy and Sturm’* produced similar lesions after application of coal tar dis¬ 
tillates to the skin. Sulisequently (irady and Stewart’” reduplicated these find¬ 
ings among inbred strains liy suheutnneous injections of 1, 2, 5. 6—dihen- 
innthraceue; it seems unlikely that any of tlicsc animal tumors would have 
developed unless alveolar epithelium was originally present. 

Pried” considers that hunmii hroiichopuhnonarj- carcinoma arises from 
alveoli, broncliial mucosa, or hroiichinl glands; and, therefore, accepts the fact 
that alveolar epithelial cells persist after birth. Cooper” and Karsner*” agree 
with the latter conclusion, although Karsner concedes that exact cellular struc¬ 
ture is not clear. Neubuerger and Oeever” have demonstrated persisting al¬ 
veolar epithelium iu certain chronic pulmonarj’ conditions such us silicosis and 
tubereulosis, and following irritation hj’ chemicals, oils, gases, and to.xins. They 
also refer to Brachet’s concept that aV germ laycre may develop unusual reac¬ 
tions after stimulation; the latter poHsibilily. if confinneil, would permit 
development of neoplasm from pulmouan’ mesenchyme alone. 


Among those opposing siu-vival of alveolar cpitholium, Herbut” is perhaps 
the most emphatic. Basing his conclusions upon study of selected cases from 
6,500 consecutive autopsies, he a.s3erts that apparent alveolar hyperplasias are 
actually due to dmvngrowth of encroaching bronchial mucosa, and can always 
ho shown to merge with the latter by careful study; Imth he and Frissel and 
Knox” feel that true hronchiogeiiic carcinoma may repi'oduce the exact periph- 
aral pattern often described as primary alveolar tumor. Arkin and Wagner’ 
consider all pulmonary carcinoma hronchiogeuic, and feel that malignancy can¬ 
not derive from alveoli, since the latter retain no persistent epithelial lining. 

eubuorger,” Barnard and Day,* and Geever, Neubuerger, and Davis” are sai¬ 
led that alveolar epithelium disappears before birth, that it does not reappear 
jn adult life, that replacement is made by mesenchymal septal cells and capil- 
aties, and that carcinoma cannot develop from mesenchyme. Ham and Bald- 
nnn classify alveoli as “merely spaces in tissue derived from cellular mesen- 
” ynie ' and therefore incapable of originating tumor, lloore,” Weller,” and 
• nrdan and Kindred” find little evidence of residual adult epithelium, while 
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D ’Aimoy, Pearsou, and Halpert^^ give sueh negligible consideration to the lat¬ 
ter’s survival that the alveolus is not even mentioned as a possible site of huig 
tumor. 

Other investigators have been ui doubt. Maeklin-'^ summarized a round 
tal)le diseu.ssion among various authorities in the middle ’30s, from which 
no definite conclusions were forthcoming, one group feeling that a complete 
lining persisted, although possibly invisible to usual means of e.xaminatioa hi 
normal tissue, anotlier group accepting evidence of occasional residual surviving 
cells, while a third group was convinced of complete disappeai'auce and per¬ 
manent replacement by mesench 3 Tne.®’^ Taft and Niekei’son^® concede the pos¬ 
sibility' of adult epithelium, but do not entirely exclude a bronchial souiTe; 
Boyd’’ ** lielieves all reported alveolar hyperplasias are probably bronchial in 
origin, while Jaffe,^® Anderson,^ and Herbut-^ are undecided. 

One is therefore faced -with lack of complete agreement concerning post¬ 
natal alveolar epithelium. Unless he accepts proof of the latter, he cannot 
reasonably hold that primary alveolar tumor may develop therefrom. How¬ 
ever, since a persisting membrane has definitely been reported by several authori- 
ties,^“ it does appear to us that included cells are capable of providing the 
necassary frameivork foj- localized hyperplasias, and perhaps even malignancy. 

ETIOLOGY OF ALVEOLAR METAPLASLVS 

In the preceding section, various investigators have been indirectly quoted 
in reference to carcinogenic properties of certain irritants, and to probable stmi- 
ulating effects of chronic pulmonary diseases, in production of alveolar hjT)er- 
pla.’^ias. Riehardson,^^ while doubting frequent involvement of this type, agrees 
that occasional lesions ma,y range from incidental autopsy findings to patholog)' 
sufficient to produce death. 

In further confirmation, Seelig and Benignus^^ have found that inhaled 
eliimne.v soot could produce generalized pulmonary carcinoma in cancer-sensi¬ 
tive mice; while, among a genetically resistant strain, pure alveolar involvement 
was suggested. In 1920, 'Winternitz, Smith, and McNamara®^ .stimulated alveolar 
proliferation in rabbits by insufflation of 0.25 per cent HCl, as a result, alveo i 
developed an entirely new epithelial layer, similar to that seen after influenzal 
pneumonias, but invohdng bronchi as well. Young’”’ has demonstrated rela e< 
alveolar changes after intrapleural irritation by paraffin, bile, and othei salts. 
Ikeda^’ created circumscribed nodular pulmonarj’ lesions in rabbits thiougi 
tracheal administration of various liquids; by use of cod liver oil, for examp e, 
alveolar epithelization was demonstrated within two weeks. Furtheimoie^ 
Norris” discovered comparable changes in guinea pigs after moculation o 
fluid aspirated from a patient \vith pneumococcus pneumonia, and quotes i en 
cal re.sults achieved by Grumbach through use of diphtheroid baeiUi 
from a patient with Hodgkins disease. Related, although unexplained, fiw 
have also been reported in mice and hoi’ses, according to Bubis and Ei'Vin. 

Although Prissell and Knox^^ do not accept proof of alveolar 
they have conceded that metaplasia in immediately adjacent bronchial 
may result from various irritations'; the latter seem to include influenza, 
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gas tuberculosis, products of tar and ciipirctto combustion, radioactive mine 
dusts, and otliers. Heuper" docs not restrict possibility of such changes to the 
bronchus, and in 1950 concluded that identical pathologj' might also occur rnthin 
the lung field itself. 

These various mvestigations, therefore, suggest that significant changes in 
alveolar membranes may well occur after specific irriUition. And perhaps mort 
likclv, as intimated by Delurue and Gi-almm'* in referrmg to Andervont s ob- 
senations in mice, in thase with genetic tendency to such. This factor of pre- 
disiKwition and susceptibility is also cmpba.sizod by Ikeda^*® and Alexander and 
Chu,* who relate it to a chain of progressive abnormalities consisting of (a) 
hyperplasia, (b) benign adenomatosis, and (c) alveolar carcinoma. No evidence 
yet incriminates viral etiology in liuiiian malignancy of the latter type, although 
a virus is apparently responsible for Jaagziekle. an ovine illness in many ways 
similar to alveolar cell tumor in man. 

Jaagiiekto has variously been described as epismotic adeiiomatraLs, pu - 
monary ndonomato.sia of sheep, verminous pneumonia, and progiessive piicu 
monia of sheep. First reportetl by l-lber in 189t.‘^ and originally considered by 
M'Fadyeaii to be caused by parasitic lung worms, it is now endemic m isoiith 
Africa, Iceland, Kngland and the Rocky llotintain regions in and alwut Jlon- 
tana. Cowdrj','* in 1925, eliminated spiiwlietes, nematodes and coecidio-sis as 
responsible agents; and today a virtis etiology is generally accepted. Inei en- 
tally, uo authenticated instniice of transmissiou fi'oni slieep to shepher s lax > c 
liceii deacribod/* 

Characteristic histopathologicul stnicture in Jnngriekto closely siinu ntes 
that seen in Iiuman beings reported d\nng of ulveolnr cell carcinoma. It me ui ^ 
niulticentric piibiionar>’ foci; Umiorlike reproduction of alvwlar structure \vi i 
columnar, occasionally papiUar>% and iiouciliatcd cells; I’elativo alxsence o mi o- 
sis; and general inircqucncc of sti*omal invasion. Ihe lung pattern, accor mg 
to Geschickter and De:mison,*“ duplicates that seen in mice after cutaneous coa^^ 
tar applications, lletaatnais, discovered m about 50 ])cr cent of ^ ^ 

human alveolar carcinonin, has been reported only once in Jaogziekto, louever. 

Although difficult to transmit artificially, Joagzickte appears to spread with 
great rapidity when healthy sheep are confined with infected flocla. Dungol, 
according to Wood and Pierson,suspected that individual suMeptibility vane 
according to genetic strain of the herd involved; this oljservatiou mig t i er 
explain spotty and unpi'cdictable development of somewhat simi ar ^ 

tumors in man. It is not surprising, therefore, that numerous rnvestigamrs 
have postulated a relationship lictween Jnagziekto and liuman alveo ai carcino¬ 
matosis, although a virus does not appear to be the respoiisib e a gen m 10 
latter condition 

PATnOLOOY OP CASES DESCRIWED AS ALVEOLAH CELL CAHCINOJIA 
Those^"' *•' who have reported uutopsied cases agree 

upon gross and microscopic findings. Both a diffuse fom, fii'st mentione 
liy Sfusser m 1903," and a multiple nodular type are described, each usua .. 
'lecurnng in the seme indiridunl, and often in the same lung- 
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ovovlviB^ an apparently consolidated or atelectatic right lung; contralaterally, a diffuse soft 
filtration was «een ’Although two sputum examinationa failed to reveal tubercle bacilU, 
prordsional diagnosis of pulmonary tuberculosis and pleurisy with effusion was made. Uospi- 
talization was accepted Dec. 19, 1949. 




• • 1 f \titIiout significant respirat 1 

The patient was moderately febrile on admission, bu Ijilateral Oppeah^*’'^ 

complaint. Painless facial twitching was apparent; right Babins an although liver edge 
were present. Sensation was normal. No lymphadenitis nas diMov Pulmonary 

and splenic tip were palpable. The thorax was asymmetrical, ivit rig 
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physical Hadiuga were consistent with right iileural effualou or eiupyonm, while ndes were 
indiblc throughout tho loft chest only. Tho heart was of normal site, shape, and position; 
without irregularity, but with simple binua tachycardia. \ soft, nontmnsmitteU mitral systolic 
murmur was not uBSoelatcd with palpable thrill. Bloo.1 pressure was 120/80. intal capacity 
ipoo ex. or 33 per cent of anticipated uonanl. 


,* -sj, ly.- 




Klff. 3. • “• ■ 

FUf. t .—Exfoliative study of bronch<»coplc aspirations. 

Flff. 4.—Dlopsjr from lower lobo bronchus, Jan. 11, 1950. 

Adnilwiion, rocntgeuograni suggested right-sided lubcrculuos or nontulx-rc^oue imtliuIog> 
Ipetrilily malignancy complicated by rigid pleural effusioa or empycim) and u progressing 
eontralaterul Icbion (Fig. 1). Old TuberruHn was imsitlvo (1:10000 dilution) ; bl8toplaami 
amt coceidioidin shin tests weio negnlivo. Conoeutndeil sputum eiumlnatlon fuUod to reveal 
tubercle hncillL A mUd macrocytic (MCT HI), nonuocliromlc (MCH 3b) anenila was 
prcKnt. IVbito blood count totalled 10,400, with 76 polyniorphonuclears (of which 73 were 
regmented forms), 13 lymphocytes, 10 monocytes, 1 cosmophile, and 2 basophllcs. Sedmienta- 
tion rate was not accolomtedurinalysis sliowcd no abnormality; serology was negative. 

Certain further diagnostic procedures then oorrlcd out may be summarised os foUows: 

(a) MulHrU 1horaccnte,a-. Thin wdnc-colored fluid was nspirated on nnmorous <x- 
cwionB. Tubercle bacilli were absent by cuncentration m eight ipedmeaifl, by 
culture in eight, and by aulmul inoculation in three. No other organlsnu were cal- 
tnred in six examinations. Eight fluid specimens failed to show neoplastic cdla. 
Speeifle gravity varied between 1.022 and 1.023, protein between 150 mg. and 5 Gm. 
Cells ranged from 1,350 to 3,400 per cubic millimeter; of these, polymorphonuclear 
form* fluctuated between 68 and 72 per cent, with the remainder largely lymphocytes. 
Sugar was variously reported between 8 and 35 mg. per cent. 
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Liver: The surface, particularly of the upper portion, was covered witli neoylastic 
nodular tissue. There were some subcnpsular areas of white neoplastic tissue. The cut sur¬ 
face showed a rather small number of small-sized scattered round white neoplastic nodules. 
These averaged about 3 mm. in diameter. Most neoplastic involvement of the liver was 
capsular. Tlie gall bladder and bile duets were normal. 

Pancreas: Normal. 

Gasirointestinal Tract: No abnonnality was noted in the stomach or intestine. 

Retroperitoneal Tissues: The neoplastic extension through the diaphragm, and to the 
undersurface of the diaphragm, extended down on the anterior surface of the peritoneum 
lining the posterior abdominal cavity in the area anterior to the right kidney. As has been 
mentioned, there was involvement of both adrenals. There likewise was involvement of the 
lymph nodes of the retroperitoneal area along the aorta.' There seemed to be fairly definite 
involvement of the left sympathetic trunk. Involved lymph nodes lay anterior to the right 
sympathetic trunk. 



Flp^. 9 A and B ,—Jllcroscopic section appearance of bronchial mucosa and parencliyma of B 

lung. 

Thyroid: The thyroid gland was normal. 

Anatomical BiagnosLs .— ^.^ 1 ^ 

1. Diffuse lobar consolidation of entire right lung and upper lobe of left lung, 
confluent lobular consolidation of lower lobe of left lung, by an alveolar carcinom 
pulmonary origin. ' . 

w 2. Neoplastic extension through diaphragm, with peritoneal and omental imo 'cm 

3. Neoplastic involvement of adrenals and retroperitoneal lymph nodes. 

4. Metastatic neoplastic lesions of liver. 

5. Old organizing right hemothorax. 

6. Recent hemoperitoneum. 
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illCROSCOPlC EXAMINATION 

Luny. Sovorul scctioiiH from tbo lower lobo of tho right lung diflclowKl cxteribivc altoru* 
tlon of bronchi by ncoplastio tiMue. The liunemi wen* nurrowoU. Tho normnl niucoai 
leplaced by a niaas of ncoplnbtlo tibhuo. Neopin&tic tltwoo utrenmcd through the wall and 
illffubely into lurrounding lung tlwue. ^[tcroecopicnlly theso ilmliuga wore mthcr typical of 
tho®e ordinarily aocn In bronchlogcnlc carcinomn (Fig, 9.1). In tho area of tho roplaeed 
bronchial mucosa thu tumor tended to bo of on Hdcnocurviuoiiiatouj btructure. As it spread 
Into the 5 urroun<lLng tisaue it bocnnio of nn alveolar type, into which there wore frequent 
I»tpillar 5 ' projections. Groups of such alveoli wore sepnratM by fairly regularly distributed 



PI 5 , 10.—Microscopic section appeamneo of left lung. 


nterlobulor septa (Fig. 911). Sections from Uie left lung disclosed lobulnrly distributed 
similar appearing tissue, separated by aomo uninvolvod lung tissue which was tho 
te of exteuaivo congestion and edema (Fig, 10). Sections from the loft lung did not show 
•^nehial involvement. The dbtributlon of those tumor cells ufforded ample justification for 
^Ployment of the term ^'alveolar carcinorao.** However, their apparent origin from 


bronchial 


mucosa in an area with tlio usual pattern of an mlenocarclnonm suggested that the 


Tsolar arrangement was a typo or variant of ndenocarcinonm of bronchlogcnlc origin, rather 
s a primary tumor of alveolar epithoHuni. 

ilciJiaUituil CyMt: The cyst found between tho esophagus and the hllus of the right 
mig \raa lined with ciliated columnar epithelial cells of tho type oidinarily found in trachea 
bronchi. These formeil spaces extending Into smooth mu.‘icle bundles apparently represent- 
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ing the wall of the e.sopliagus. Extending tumor tissue from the neoplasm of the right lung 
was found in close proximity, but this appeared to be coincidental. 

Heart: Coronary vessels .showed minimum sclerosis. The epicardium was normal, 
myocardial fibers were of normal size and staining reaction. 

Spleen: Normal. 

Adrenal: There was extensive metastatic neoplastic tissue quite similar to that seen 
in the lung and tending to maintain the same alveolar distribution of cells. There was 
extemsion and infiltration into the surrounding fat and fibrous tissue where the pattern was 
more akin to that of the usual adenocarcinoma (Fig. 11). 






Fig. 11.—Appearance of adrenal metastasis. 


Kidney: There was no evidence of neoplastic involvement. The general arcliitecturc, 
blood vessels, and glomeruli were normal. Tubules were normal or showed slight epithe « 
degeneration. 

Prostate: Normal. 

Liver: Hepatic cells were extensively shrunken with resultant widening of sinusoitl 
The liver contained an area of tumor tissue similar to that seen elsewhere, including bo 
portions vrith alveolar grouping. 

Pancreas: Normal. 

Thyroid: Normal. 

Sympathetic Ganglia: There was extensive neoplastic infiltration. 
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ilicroscvpio DiagnoiU .— 

1. BroncWogoiili: ntlcnocarclnonm giving rino to aiffuso nlveolnr carcinoma ot lung, with 
mctnitiuM to oilrennU, Uver and retroperitoncnl structiueo. 

2. Broncldogenio mcdlnfltinnl cjnt, 

FINAL DLVONOSia 

1. Bronchiogcnic adenocarcinoma of loner lobe of right long with diitmm alvcobir car- 
rinoraa of right and left lung, and nltU ecteiwlon tlitougU diaphragm innilvlng pi-ntoneum 
and omentum, ndrennln, nynipathelie ganglia and liver. 

2. 01(1 organiilng right liemothorni, 

:i. Recent hemoperitoneum. 

4. Bronchlogenlc medlaatlnol p)Tit. 


D1SCUA4ION* 

In Hpite o£ diltei-eiice in oiihiion eoiicemiiig peisistcnee of humnu alveolar 
epithelium after the fifth fetal month, Ibeie is eonsensus that cermiu rolls per- 
sifit ill relic fonu uud, after irritation ami Ktininlntion, nia> icadih c emon 
.stratefi. Especially following pneumonia.s, during passive pulmonary congestion, 
and in other conditioins where edema separates the alveolar membrane from 
Hurrounding structures and aids in its identification. 

Debate has naturally arisen over the possibility of discovering primary 
tumor in tliis area, with most investigators apparently feeling that carcinogens 
and irritants may occasionally prodxicc a localized ncoplo-stic change. » uc i is 
known to occur in labomtorj' animals, and similar irritation is also genera > 
acceptetl as partially responsible for human carcinomas of the bronchiogenic 
type. Furthermore, sheep may develop a somewhat purallel alveolar lemon 
known as Jaagziekte, presumably caused by a virus, l)Ut uppurant > mos re 
tpieiitly seen in flocks with genetic predisposition to such. 

Although more than seventy cases of human alveolar cell carcinoma have 
lieeii described under varj'ing nomenclature, Herbut and othera o ^ ^ 

lievo the tumor is primarily alveolar in origin and feel tliey ha\e emoi ra 
direct communication bebveen a responsible bronchial site and mvo ve a \eo i. 
Those favoring primary alevolar tumor as an actual clinical cntit>, owever, 
point out certain characteristics which are said to clcarlj distiuguis it nm 
all other malignaucies. These include (a) redupUention of alveolar pattern y 
cells whose morpliologj' differs entirely from that of bronchiogenic carainoma, 
(h) failure to identify primarj' neoplasm elsewhere, and (c) m iccn nci j. 

With these critoi'ia as a guide, our patient was considered to have primary 
alveolar cell carcinoma throughout most of his hospital rcsideiico. iis impi^ 
sion was supported by sputum and hrouchoscopic exfoliativo atu es, 
acopio biojisy, postresectiou specimen oxamiiiatiou, and gross autopsy n gs. 
He showed the reported lack of agreement between respiratory symptoira and 
“treme pulmonary involvement by roentgenogram; tulwreidosis and ' 

monary malignancy were apparently excludable; multieentnc esioms, o ^ o 
the diffuse nodular and massive conaolidative types, were suggest y a '^Jiric ^ 
of examinations. In short, until postmortem section study was completed, this 
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ease very closely simulated others reported as authenticated priinaiy alveolar 
carcinomas; and, also important, was one in which diagnosis had apparently 
been made by us before any operative procedure was offered. 

Lower extremity neuritis was a clinical finding not clearly understood dur¬ 
ing this patient’s life but, in vdew of autopsy studies, can now be ascribed to 
retroperitoneal metastasis and involvement of major nerve ti*unks. Identifica¬ 
tion of nonpathogenic tubercle bacilli m a single preterminal sputum specimen 
was considered a “red hemng,” since we have seen four hospital cases in the 
past three year’s with an identical finding, but without evidence of clinically 
sigiiificant tuberculosis by autopsy. 

Microscopic autopsy’ sections were crucial in this case. They disclosed a 
primai’y bronchiogenic adenocarcinoma which sti’eamed into the limg field, rvith 
widespread tumor metastasis assuming an extremely striking and characteristic 
alveolar pattern. Our error in diagnosis underscores the fact that considerable 
caution should be employed in labelling any condition primary alveolar tumor, 
unless very careful search has excluded a primary bronchial site; even if the 
latter is not discovered, it maj’ simply have disappeared under advancing meta¬ 
static invasion. 

We do not feel that primary’ alveolar carcinoma is necessarily a nonexistent 
condition, but do find reason to suppoi’t a contention tlrat it is not as eomroou 
as has been reported. Analysis of our case would appear to add further weight 
to an impression that ah'eolar tumor’s are frequently metastatic in type, and 
need not represent true primary malignaney^ 

SUilMART 

1. After reviewing various opinions concerning persistence of alveolar 
epithelirmi in the liuman being, it is considered that existence of a residual cell 
membrane of this ty^pe has been established. 

2. Sui’vey’ of the literature also indicates, although opinion is by no means 
unanimous, that metaplastic and even neoplastic changes may develop in alveoh 
after exposure to various irritants or carcinogens. This may well occur in thase 
with genetic predisposition to such. 

3. We have reviewed similarities in pathology and dissimilarities in etiology 
between this reported condition in human beings and Jaagriekte in sheep. 

4. Characteristics said to identity human priraai’y alveolar cell earemoma 
include multicentricity’ of pulmonary lesions, reduplication of alveolar pattern 
by’ ceUs whose morphology’ is di.ssimilar to that seen in other malignancies, and 
failure to identify a primai’y’ site elsewhere, including bronchial mucosa. 

5. A ease is described in detail. Diagnosis of primai’y alveolar earemoma 
seemed well established through histopathologic examination of bronchoscopic 
biopsy’ material, resected pulmonai’y tissue, and gross autopsy findings, as we 
as through exfoliative studies of bronchoscopic aspii-ations and sputum. 

6. It is of interest that we believed a diagnosis of alveolar carcinoma ha 
been made before surgical intervention; if this had finally’ been confirmed, C. 
would have I’epresented the second such patient described in the literature to 
date. 
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T. Microscopic autopsy section study, however, definitely disclosed true 
l)riniaiy bi-onchiogcnic ndcnocarcinoinu. (ficarly identified metastasis was ex¬ 
tensive to lung and otlior viscera, and liad definitely assumed tliat pattern 
described os typical of alveolar cell tumor. 

S. Study of this case, in reference to othei*s ])reviously reported, would 
infer that several of the latter might not have represented true priinarj' alveolar 
carcinoma. Some support is offered Herbut's contention that none are of the 
latter type, and that true bi'onchiogcnic origin was not established simply because 
of disappearance midor metastatic invasion. 

9. Naturally, wo suggest no filial conclusion, but do liolievc that report of 
this case may contribute to further elarifiention of that question. 
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THE LATERAL COSTAL BRANCH OF THE INTERNAL 
AfAAnrARV ^VRTERY 

BEN'JAillK N. Kropp, Ph.D. 

Kingston', Ontario 

TN DISSECTING room subjects there is sometimes encountered u thoracic 
1 arterj' arising from the internal ninraraary near its origin and running later¬ 
ally downward on the inner wall of the cheat. The apparent frequency of its 
occurrence, its occasional large size, and the absence of its mention in many 
anatomic Ijooks of reference arc striking, especially in view of the obvious 
imiwrtnncc of such a structure in pnrneeiitesis and other surgical procedures 
of the thora.x. 

The arterj’ was known to the older anatomists. Henle (1876) describes 
an arteria mnnuunria interim lateralis which arises from the internal mammary 
near its entrance into the tliorax and descends on the inner surface of four to 
six upper ribs and annatomoses with the corresponding intercostal arteries. 
He quotes Ileister (1730) as having seen it in a 3-yenr-old child ns well as in 
adult subjects, Ilonlc pictures it with a good two-color illustration, and states 
that in thoracentesis or by traumatic damage the artery may be injured, and 
dangerous hemorrhage result. Otto (1830) calls it ramus costnlis lateralis, a 
name retained by Rauber-Kopsch (1941) and others. Macalister (1889) re- 
iwrts having seen it of enormous size in a case of obliteration of the dorsal 
aorta from pressure of an intrathorncic tumor. In his extensive study of the 
arterial system of the Jupniiesc, Adnchi (1928) gives data on its frequency of 
occurrence, and notes also that it may arise ns a branch of the subclavian or 
supreme intercostal arteries. ^Uthough it has not been investigated from the 
comparative anatomic ^^e^\^)oint, it is interesting that ilorestin (1894) re¬ 
ports it wdely present in certain monkeys. Bean (1905) foimd the artery 
present five times in twenty-eight American mullatoes. However, wlien .seen 
and remarked upon by anatomists, it has usually been considered an anomaly 
of rarer occurrence than the data would indicate. The artery is known under 
a variety of names, summarized, in Table I. 

The oldest term applied to the artery seems to be lateral internal mam¬ 
mary artery, given by Heister in 1730 and adopted by Henle. That name, 
however, seems to imply a constancy of occurrence which the artery does not 
Pos-sess. Lateral costal branch of tho internal mammary artery is adequately 
descriptive and is used in this report. 

In the present study 112 white subjects, aU but eight of them males, were 
^f^ed. The artery was seen in but one female. No precise data are avail- 

uio Department of Anatomy. Quccn> University Medical SchooL 

RccslveJ for publlcaUon Nov. 3. 1950. 
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Table I. 


XAM.E 

Lateral costal branch 


Internal thoracic arterj' 

Lateral internal mammary artery 


Eetrocostal artery 

Subcostal artery 

Lateral infracostal artery 

Mammaire interne accessoire 
iledian intercostal artery 

Lateral thoracic artery 


AUTHOR 

Otto, 1830 

V. Langer & Toldt, 1902 
Cunningham, 1937 
Ranber-Kopsch, 1941 
Morris, 1942 
Hodges, 1867 
Henle, 1876 
Morestin, 1894 
Adachi, 1928 

HeUema, 1862 (cited from 
Henle) 

Tiedemann (cited from 
Henle) 

Macalister, 1889 
Toldt, 1926 

Poirier et Charpj', 1902 
Hyrtl (cited from 
Poirier & Charpy) 

Bean, 1903 _ 


able as to age of this series, although almost all were over 60 years. In thirty- 
one individuals (27.6 per cent) the artei'y was present on one or both sides. 
'VVIieu present on one side only it occurred more frequently on the left than on 
the right. The frequency of occurrence is summarized in Table II. 


T..VBLE II. 


Number of Subjects—112 

Arterj- present on right side onlj- 


8.9% 

Artery present on left side only 

15 

1.3.4% 

.Arterj' present on both sides 

6 

5.3% 

Total subjects in which arterj- present 

31 

27.6% 


Adaehi’s data from 172 lateral chest walls ai’e not significantly different 
fr’oin the above. AYhen present bilaterally the lateral costal branch is not 
necessarily the same length on the frvo sides. The variation in length, as indi¬ 
cated by the frequency mth which a giAmn number of intercostal spaces were 
Iraveraed, is sliovm in Table III. 


Table III. 


IXTERCOST-XL SPACES TRAATHSED 

1 

2 

3 

4 

5 

6 total 

Right side 

2 

3 

4 

5 

1 

1 18 

Left side 

3 

6 

4 

5 

1 

2 21 

When present, the lateral 

costal 

branch 

arises 

from 

the 

mternal mam- 


mary artery at or immediately above the superior border of the first rib (Fig- 
1). It passes doAviiAvards, backwards, and laterally from its oxdgin, covered 
only by parietal pleura. In its course the artery approximates the midaxillary 
line, although it has been obsei’ved lying Avell forward toward the maminai} 
line. Contrary to Adaehi’s observation, none of our specimens took origin 
from the subclaAnan or supreme intercostal arteines. Vainations were seen, 
hoAvever, in ils origin from the internal mammary; in one case it arose 1 cm. 
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L—ttlaht ildo. Diagram ■liowlng origin and direction of lateral coxtal brancli of Internal 
mammary artery, anti uiuaj relation to phrenic ner\-e nnti upper border of first rib. 



^—^Left side. Dlngram of occasional courae of phrenic nerve over lateral costal branch. 
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//)f. mam, or 



Pig. -4.—Right side. Diagram showing reh 


subctav. ari 
i'nt. mam. art 



Fig. 6.—Right side. Hi 
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above the upper border of the first rib mid iu another at the level of the lower 
border. On the right side the usual relation to the phrenic nerve is seen 
(Fig. 1), the nerve passing over the internal mammary and above the lateral 
costal branch. In two instances on the left side and once on the right, the 
nerve passed over the lateral costal branch and deep to the internal mam¬ 
mary artery behind the first rib (Fig. 2). Fig. 3 represents a ease in which 
the divided nerve sent one small branch under the internal mammary after 
passing over the origin of the lateral costal, while the larger nerve maintauied 
its usual relation to the internal mnnimary artery. No case was observed in 
which the phrenic neiwc passed under both arteries or under the lateral costal 
and over the internal mammarj'. 

The caliber of the artery varies with its length and the number of its 
anastomosing branches. AVhcn it extends over six or more intercostal spaces, 
it has been observed as large as the internal mammary. AVhen viewed from 
vdthln the thorax the lateral costal branch may be traced with ease beneath 
the pleura (Fig. 5), Lvith branches given off in each intercostal space both 
anteriorly and posteriorly, usually at the lower border of the ribs. Branches 
may pass downwards over one or two ribs, however, before becoming continu¬ 
ous Lvith the intercostal arteries. Occasional small twigs merely cross the 
pleural surface of a rib, or penetrate the rib as nutrient arteries. Near its 
termination the lateral costal branch usually de.scribea a curve convex ante¬ 
riorly. Bean (1905) states that the artery may' reaeh the diaphragm, but no 
such extensive example was seen in the present series. The artery is accom¬ 
panied by two veins between which it lies. The veins (Fig. 4) unite deep to 
the artery behind the first rib, then pass over the internal mammary arteiy to 
eavpty uito the subclavian vein. 
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ANESTHETIC EXPLOSIONS 
Case Report 

Maurice G. Buckles,* M.D., F.A.C.S., Columbus, Ohio 

V ERY little, if any, material on anesthetic explosions has been presented 
from the standpoint of the thoracic surgeon, and a very few cases of sur- 
\dvals in an anesthetic explosion have been reported, so that I feel it behooves 
one with this experience to record it, particularly with reference to management. 
It is quite probable that the pulmonary manifestations presented in this paper 
are primarily due to the blast of the explosion and simulate to a degree the blast 
noted in warfare, as well as in civilian life. There is little doubt that such 
changes in intrapubnonic pressure result in serious pulmonary conditions. 

The author has no claims of being an anesthesiologist, and makes no pre¬ 
tense of discussing the various techniques of anesthesia, the chemistiy of anes 
thetic agents, or the tine points of anesthesia as a whole. The followng repor 
is a case in which the author was called upon to aid in such an explosion, anci 
was immediately available. An attempt is made to recite as accurately as pos¬ 
sible the findmgs, the management, and the clinical coiu*se. , ^ pv 

The occurrence of anesthetic explosions in the operating room is statistica y 
imcommon. It is still too frequent, however, considering the danger o e 
patient, the operating room pei-sonnel, and the physical surroundings, 
much as there has been no apparent decrease in the number o exp os . 
despite the numerous precautions recommended and undoubtedly piac 
connection with anesthesia,^ it is imiiortant that the results and seque ae ° 
an explosion occurring to a patient under anesthesia be imme late y 
and handled expediently. This may tend to reduce the moibiditj anc m 

from such an accident. . liemor- 

The anesthetic explosion recently encountered resulted m severe 

rhage into the paraorbital tissues; lacerations of the nasopharynx wit 
hemorrhage; prolonged hemorrhage from the tracheobronchial tiee, pre 
of a bilateral hemorrhagic pneumouia; spontaneous pneumothorax 
accompanying subcutaneous and mediastinal emphysema and pneumopen 
The case report, which follows, presents the successful managemen , 
serves as a reminder that this dangerous accident still occure. 

CASE REPORT 

T 16 1950 for 

H. S., a 5(3-year-old married white man, entered the hospital on an. 
treatment of glaucoma. There was an associated diabetes mellitus, an lyp 

blood pressure being 170/110. + i, tn surgery for 

On the fifth hospital day (Jan. 21, 1950) the patient was a a^ygeo 

operation on the right eye. Anesthesia consisted of intravenous sodium pen consisted 

and nitrous oxide wluch was administered through a nasopliaryngeal tu e. *- 
of cyclodiatliermy to the right eye. 

Received for publication Nov. 3, 19B0. 
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At tlio conclusion of tlic opomtion there wqr n loinl explosion, nod tiu* naflopliaryng;eal 
tube was blown out of the jHitiont^s nose, followetl l»y profuse bemorrlingo from the nose and 
mouth. His condition quickly beentne criticul; tlio blood pressure droppC(3 to 80/40; respira- 
tioni were labored, and he became quite cyanotic. The author, who happened to be in tlie 
hospital, was called to see the patient. A 7 ram. broiu'hoscopc was passed immediately with 
suction and aiplmtiou of a large quantity of blood from the tracheobroncliial tree. Tlie pa¬ 
tient resumed fairly noruml resplrution, and the cyanosis was reliovcHl. The blood pressure 
gradually rose to 140/(10. However, hemorrhage continued from the tracheobronchial tree, 
nnsopharjTix, and into tho paraorbital tissues with marked swelling of the right cheek. An 
incision was made inside tho mouth to decompress the swelling of tho right cheek, and a 
pressure bandage was placed over the oyos. The nnsoplmrynx was packed through tho mouth 
to control the hemorrlmge and also to prownt blood from running into tho trachea; tho 
anterior nares were tUca iKvcketl with gel foum. The broaoUuscopc wu» loft in place for fifty 
minutes, but bleeding from the tracheobronchial tree continued, >*o an endotracheal tube was 
inserted to facilitate aspiration and to nmintuin iin adequate nirwny. The patient was re¬ 
turned to hbj room in fair condition. 



After returning to his room, the patient was placed on continuous oxygen, tho trncheo* 
hroncLial tree was aspirated frequently, and a blood transfusion was stnrted. There wero 
definite Clieyne-Stokes reaplratiorw for the first hour after being returned to Idi room, and 
^ did not regain consciousness for about tliree hours. After recei\dng 500 c.c, of blood, the 
Mood pressure was 100/70, the rectal torapemturo was 101 J 2 * F., pulse 104, and respirations 
-O* Parenteral penicUllu was blurted. 

On the afternoon foUowing the cxplobiou, subeutuueous emphysema developed over the 
anterior client. Bleeding from the tmcheobronchial tree continued, and about 000 c,c- 
of bloody fluid Imd been aspirated tiirougU tho endotracheal tube. Howerer, iiemorrbage from 
nasopharynx and into the paraorbital tissuiM was apparently controlled. A portable cheat 
'^tgenogram emminaUon (Fig. 1) was made which revealed marked subcutaneous omphy- 
of the thoracic wall and cendwd area; marked bilateral infiltration of tho lung fields, 
Mthoogh more oitoPBlve on tho right side; and a small pneumothorax space on the tight tld^ 
^ith mediastinal emphysema. ' 



428 


THE JOURNAL OP THORACIC SURGERV 


The foUowing morning (Jan. 22, 1950) the patient appeared in fairly good condition. 
The blood pressnre was normal (preoperative level), the subcutaneous emphysema had not 
increased, there was no dyspnea, and bleeding from the tracheobronchial tree had apparently 
stopped. ’ The packing from the nasopharynx and nose was removed; abo the endotracheal 
tube. Following tliis, the patient was able to breathe freely, and was quite comfortable. 

In the afternoon of the second postoperative day (Jan. 23, 1950) the patient developed 
progressive respiratory distress, the snbeutaneous emphysema increased and extended to the 
head and neck, and the degree of pneumothorax was greater by physical examination. An 
intercostal catLter was introduced on the right side and attached to undera-ater drainage. 
There was an immediate eseape of air with relief of the dyspnea, and the patient was again 

comfortable. 



Fig. 2.—Cliest roentgenogram examination on ^he fifth day shovUng^c'ear^^g 
nionary infiltration, persistent subcutaneous and mediastinal e p y 
pneumopericardia- 


of the pul- 

evldence oi 


He rapidly improved, the subcutaneous emphysema diniinished, rea i removed, 
good throughout both lung fields, and on Jan. 25, 1950, the intercostal ca le gm,gram 

On Jan. 26, 1950, the temperature, pulse, and respirations were normal, a ^nth 

examination (Fig. 2) revealed marked clearing of the bilateral pulmonai^ neuraopericardia. 
persistence of the mediastinal and subcutaneous emphysema, and evidence o p treated 

In the evening of Jan. 26, 1950, the spontaneous pneumothorax recurre condition 

by repeated aspirations. By Jan. 28, 1950, the lung was reexpanded complete clearing 

was excellent. A chest roentgenogram examination on Feb. 2, 1950, reve gruphyseraa. 
of the lung fields and reexpansion of the right lung with some subcutaneou jischarged 

On the fourteenth day following the explosion, Feb. 4, 1950, the pa le 
to the care of the ophthalmologist. 


DISCUSSION ^ 

The exact mechanism of the anesthetic explosion in the case 
not been ascertained; however, there are numerous reports pjjasize 

plosions in the literature. The occun-ence of such an accident s ou ^ 

the importance of safety measures used to prevent such exp Iras 

vention is the best method of treatment. Although it is state known 

been no apparent reduction in the number of explosions cspi e 
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safety precautions, it is perhaps questionable how conscientiously all of the 
safet)' measures are practiced in all operating rooms by all of the operating room 
personnel. This is especially an important question since all too often the 
personnel are divided into tliose “ivho have” and those “who have not’’ %vit- 
uessed an explosion with disastrous results. It is almost a certaintj- tliat those 
“who have’’ mil never forget it. 

It is obvious that the prevention of such explosions is of prime importance 
not only for the safety of the patient and pei-sonncl, hut also from medico¬ 
legal viewpoints. A disastrous explosion in absence of or in violation of recom¬ 
mended .safeti' precautions might produce a weak argument in court or in 
answering the questions of the patient’s relatives.” 

The recommended safety precautions have been summarized by Cole” as 
follows; the role of tlio manufacturer of anesthesia apparatus includes the pro¬ 
duction of etpiipment which will reduce the possibility of ignition of combustible 
gases. Precautions to he taken by the anesthetist include; (a) the avoidance of 
combustible agents in the presence of obvious hazards, such as the cautery; 
(h) eliminating the practice of washing out patient and apparatus with oxygen 
following an anesthesia; (c) use of caution in spilling gas; (d) employment of 
the intercoupler or the maintaining of continuous contact by the anesthetist 
with patient and machine; (e) use of the rebreathing technique; (f) washing 
tubes, bags, and mask with water or calcium chloride solution; (g) elimination 
of unnecessary, sudden movements by the anesthetist, and of unnecessary ad¬ 
justments of the mask. The duties of the hospital are: (a) the installation of 
safe lights, switches, and electrical wiring; (b) the maintenance of a high 
humidity in the operating room; (e) prohibition of wool, sUk, and ordinary 
nthber; (d) banning of visitors from the area surrounding the anesthetic appa¬ 
ratus; (e) banning of open flume, cigarettes, etc., from the operating room; and 
(f) the construction of groimded, conductive floors. 

SDUMAKV 

1- A case report of an anesthetic explosion has been presented to demon¬ 
strate a method of handling such an accident, and also ns a reminder of the 
constant danger involved in handling anesthetic gases. 

2. The case involved was marked by severe hemorrhage into the paraorbital 
tissues; hemorrhage from lacerations of the nasopharynx; prolonged hemor¬ 
rhage from the tracheobronchial tree; production of a bilateral hemorrhagic 
pneumonia; a spontaneous pneumothorax with subcutaneous and mediastinal 
emphysema, and pneumopericardia. 

3. The importance of recognizing the potential explosive hazard of all 
Bthalation anesthetics, and using accepted precautionary measures to prevent 
such accidents is emphasized. 

4. The accepted safety measures are reviewed. 
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Thirty-First Annual Meeting 
April 16, 17 and 18, 1951, Chalfonte-Haddon Hall 
Atlantic City, N. J. 

Prograai 

Monday Morning, Agril 16, 1951 

9:00 A.ii. Business Meeting 
9:30 A.ji. Scientific Session 

1. Progressive Cliaiiges of Pulmonary Function After Pneumonectomy: The 
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Tuesday Hominy, April 17, 1051 
9:00 i-u. SciENTino BEaaioN 
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Lake, N. Y, 
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LUNG FUNCTION STUDIES 

Vn. The Effect op Pnectiioxectomy ox Respik-itory Dead Space 
"Ward S. Fowler, iLD.,» ,\jn> Wuxiaai S. Blakemobe, jMD.,** 
Philadelpiilv, Px 


W ITH pneumonectomy, part of the bronchial tree is removed. However, 
there is disagreement about the effect of pneumonectomy on the volume of 
the respiratory dead space. It has been reported that, after pneumonectomy, 
the dead space is enlarged;’' ’ or that it is decreased.*' * The former situation, 
if present, would be a considerable factor contributing to respiratory ineffleiency. 

The development by Lilly and Hervey of the N, meter, for continuous 
analysia of the Nj concentration of respired gases, has made possible the ready 
®sMnrament of respiratory dead space both of normal subjects’ and of many 
patients with abnormally uneven alveolar ventilation.’ This measurement of 
respiratory dead space represents the volume of inspired gas which remains in 
the conducting airway and does not contribute to dilution of alveolar gas. It 
probably approximates the so^Ued anatomic dead space, and is practically 
independent of alveolar ventilation-perfusion relationships, which affect other 
iypes of “dead space” measurement using oxygen or carbon dioxide values.’ 

hicasurements of the respiratory dead space in patients before and after 
pneumonectomy are presented; the postoperative values were similar to those of 
healthy control subjects. Other studies made after pneumonectomy suggest that 
the large “dead space” values reported by Birath were caused by abnormally 
uneven alveolar ventilation, and not by an actual enlargement of the dead space. 

METHODS 


Eight patients (7 moles and 1 female) were studied after pneumonectomy 
for pulmonary neoplasm; seven were also studied a few days preoperatively. 
elderly (53 to 71 years) male hospital patients without clinical or fluoro- 
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scopie evidence of pulmonary disease served as controls. All subjects were ex¬ 
amined semi-reclining in bed, with. th.e head and tiamk elevated 50 to 60 degi’ees. 
Subjects were not in basal condition but had rested in bed at least ten minutes 
before measurements were made. 

The method has been described previously.®’ ® In brief, it consists of con¬ 
tinuous analysis and photographic recording of N 2 concentration and volume 
flow of gas expired during and after the change from breathing room air to 
breathing 99.6 per cent oxygen. Although the dead space of most young normal 
subjects can be measured directly on the photographic records,® it was necessary 
here to replot two or three successive expirations (occurring during the first 
thirty seconds of On inhalation) as curves of No concentration versus expired 
volume.® 

Dead space measurements made on different days (before and after pneu¬ 
monectomy) might differ because of error in the method and also because of 
day-to-day variation, quite independently of the operation. Therefore duplicate 
measurements were made on six healthy subjects on each of two different days. 
By analysis of variance®’ ® of these measurements and of the duplicate measure¬ 
ments on the patients, it was found that (a) the error of the method was similar 
in the patients, the six healthy subjects noted above, and in forty-five healthy 
subjects studied previously,® and (b) a difference of 42 ml. or more between the 
means of duplicate pre- and postoperative measurements, made on different days, 
as given in Table I, is significant and may reasonably be ascribed to the opera¬ 
tion. 

The method requires the inhalation of O 2 , which, over a five minute period, 
usually causes a reduction of tidal volume in chronically anoxemic patients, 
and yields a larger dead space/tidal volume fraction than if the average tidal 
volume observed during a five minute period of breathing air is used. The dead 


table I. Eesphiatoky Dead Space Before and After Pneumoneotomt,* and in Normal 

Elderly Males 



SEX 

AGE 

YES. 

HT. 

CM. 

RESP. D, S. 

MX, 

TIDAIi 

VOL, 

ML. 

ds/tv 

xlOO 

% 

INTERVAL 

PNEO- 
JIONEC- 
. TOMY 

Normalt 

M 

59.6 

166 

150 

623 

24.9 

— 

- ^ 

Mean ± S JT. 




±31 

±149 

±6.1 



Na 

M 

60 

171 

pre 

postoperative 

187 

133 

494 

27.0 

13 days 

■ 

Ws 

M 

69 

175 

154 

144 

452 

31.8 

13 days 

Ft 

M 

55 

173 

203 


582 

24.1 

12 days 


Wli 

M 

65 

161 

— 

130 

386 

33.6 

3 mos. 

it 

Gn 

M 

54 

178 

205 

158 

576 

27.4 

12 days 

B 

Cy 

M 

68 

165 

178 

190 

906 

21.0 

5 mos. 

B 

By 

M 

52 

167 

202 

145 

670 

21.6 

9 mos. 

L ^ 

Mn 

P 

56 

165 

137 

125 

393 

31.8 

15 days 

B 

Mean 

(males) 


59 

169 

188 

149 

581 

26.6 

. 

uo/4 ftjber- 


•All male patients had carcinoma, Mn had mesothelioma; In addition, Cy Lad 
culosls, sUlcosls and emphysema and By liad emphysema. 
tThese 11 subjects were reported elEewhere.< 
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space/tldal volume fractions given (Table I) were ealeiaated from average tiM 
volumes during the breathing of air, measured with a reeordmg - 
spirometer. All volumes arc corrected to BTPS. 

RESULTS 

Data for patients and control subjects are given in Table L Preoperatively, 
the dead space values in men. 154 to 205 ml feU in the ^e of ^r.^ 

values. 150 to 212 mb (average plus 2 S.D.). The mean value of 188 mb to 
Me parents was lignill^ntly (p-0.02) greater than the mean control 

value of 150 millimeters. . , „ .,„ir,oQ 

Postoperativcly tliere were no significant changes m the dead space vi^m 
for hvo men and one woman. The lack of eliange in tlie woman ^y 
due to a dead space reduction also existing preoperatively, 

Sion stenosis of the right bronchial tree, including the 
the large tumor occupying about two-thirds of the righ e 
male^ijeets, none of whom had obstruction of mam bronchi preoperatively. 
had significant postoperative rcducUons of about 60 niillimotera. 

The mean postoperative values of male patients for ea ®P“® rnntea 
space/tidal volume fraction were similar to the values for the healthy males. 

DISCUSSION 

The explanation of the enlargement of 

value is not entirely clear. In the two cases with pulmonary emp ^ -^..^Tjer- 
valucs of 178 and 202 ml. probably reflect the over-all state of P"^® ^ ^ 
inflation exhibited during quiet breathing by such patients. A J 

tion may apply to some ^ent to the other cases; enlar^ment of the functional 
residual capacity has been reported in similar patients. 

The mean postoperative values for dead space and dca space ' „alues 
fraction reported here are significantly smaller than t e r^co v 
of 236 ml. ^d 48.7 per cent reported by Birath,’ which, with ®f 
ings,’ were taken to indicate a probably actual enlar^men lilcely 

resulting from postoperative pulmonary distention. The^ e „oai. 

results from the methods used. Birath examined his patien m a ,„jien 

tion, in which the respiratory dead space is about 25 . grea r 

semi-reclining.'" Probably even more important was the presen 
pulmonary ventilation in his subjects. Di five of our pa len s 
operatively it was possible to make calculations similar to ose mpngured 

since the alveolar (end-tidal) Nj concentrations and tiiM vo ume i-esid- 

continuously during the first two minutes of 0, inh^tion, ^ , 

nal capacity was also measured. Four of these patients were o^^ 
normally uneven ventilation by the method described , j;™. 

culated “dead space” values were aU larger, average .- ■> , iMni 

measurements, average 152 mb; the values wore similar in one pa 
with normal ventilation uniformity. The reasons for toe iserep ... 
the calculated and directly measured values follow. In ^ f i.ngpd 

based on rebreathing a gas mixture containing Hj, and in ours, w ic we 
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on the pulmonary Nj elimination equations of Darling and associates,^* it is 
assumed that the lungs are ventilated uniformly, and that the ventilatory process 
can he expressed by an exponential equation, stating that the alveolar gas con¬ 
centration is changed by a certain fraction on each successive inspiration of 
the “foreign gas.” For example, if 300 ml. of O 2 (tidal volume of 450 roL 
minus 150 ml. dead space) are added to the functional residual capacity of 
2700 ml., containing 80 per cent Nj, the concentration will be reduced to 
or 0.9 times 80 per cent; the next breath will reduce the concentration to 0.9 
times 72 per cent, etc. Experimentally one obtains the value of the fraction, 
and, kno'vving tidal volume and functional residual capacity, can solve for the 
dead space. However, with uneven ventilation, the hyperventilated areas of the 
lungs approach equilibrium with the inspired gas more rapidly (smaller value 
of the fraction) than do the relatively hypoventdated areas. Therefore, early 
in the procedure the expired gas will reflect the rapid rate of change in the 
hyperventilated areas more than it does later, when these areas have reached 
equilibrium and the expired gas is manifesting the slower rate of change in the 
hypoventilated areas. Such a multiphasic ventilation process cannot be ex¬ 
pressed accurately by equations containing only one fractional value expressing 
the rate of change. One can calculate dead space using one fractional value, 
but the result varies with the portion of the equilibration curve from which the 
fraction was obtained. The rapid change early in the procedure yields a very 
small value for dead space, the slower change later in the procedure yields an 
excessively large value for dead space. Birath’s calculations were apparently 
based principally on a measurement made after a one-minute breathing period; 
similar calculations applied to the one-minute point on the alveolar N, ehmina- 
tion curves gave the artificially large “dead space” values noted above. 

The effect of pneumonectomy on the volume of the respiratory dead space 
is not easily anticipated; there appear to be various changes which could either 
diminish or enlarge it. The dead space, as measured here, represents the volume 
of inspired gas which remains in the conducting airway and does not contribute 
to dilution of alveolar gas. This volume is affected by the anatomic volume of 
the conducting airway and also by the extent of gaseous diffusion occurring be¬ 
tween terminal bronchioles and alveolar spaces; prolongation of inspiratory time 
results in a smaller dead space, presumably because the peripheral houndaiy of 
pure inspired gas recedes up the bronchial tree.® 

Partial resection of the bronchial tree would tend to reduce the dead space. 
Eohrer*® estimated that about 45 per cent of the volume of the conducting air¬ 
way was below the tracheal bifurcation. One might therefore expect a 20 to 
25 per cent reduction with pneumonectomy; the mean change observed post- 
operatively was a 17 per cent reduction. However, part of the remah^g air¬ 
way is intrathoracic, and probably participates in any postoperative distention 
of the remaining lung. Also, the dead space might possibly he enlarged by a 
reduction in the extent of gaseous diffusion occuri-ing between terminal bron 
chioles and alveolar spaces. This could result from shortened diffusion time 
accompanying a postoperative increase of respiratory frequency (an average m 
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crease of 2 4 respirations per minute was noted in the patients above); a change 
in what may loosely be caUed diffusion surface might result when a total alveolar 
volume considerably greater than half normal is connected to bronchioles pre¬ 
sumably only half normal in number. 

A postoperative dead space volume of 150 mb, although similar to nomal 
values, is in one sense a respiratory handicap. Normally only about 75 ml. o 
the tidal volume developed by each lung is not effective in ventilating the ^veoli; 
thus the “wasted effort” of the remaining lung is doubled. This, in addition to 
other departures from the normal thoracic mechanics, represents an encroach¬ 
ment upon the reserve of the beUows or ventUatory meelianisms, and may con¬ 
tribute to the postoperative tendency to e.xperience dyspnea. However, in m- 
other sense, a postoperative bronchial distention might be favorable. After 
pneumonectomy, the patient is obliged to force through one set of bronchial 
tubes about the same respiratory muiute volume which is normally forced 
through two sets of tubes. The increase in respiratory effort needed for this 
would probably bo reduced by bronchial distention in the remainmg lung. 


aaMUABS 


The respiratory dead space was measured before aud after pneumonectomy 
on patients breathing quietly in the scmi-recUning position. Postoj^rative y, 
three subjects showed no change, and four male patients showed signincant re¬ 
ductions. The mean postoperative values for dead space and dead space/ 
volume fraction were similar to control values for elderly men. Factors ec 
ingthe volume and measurement of respiratory dead space after pneumonectomy 
are discussed. 
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OBSTEUCTIVE EMPHYSEjVIA WITH A DEFECT OP THE 
ANTEEIOE MEDIASTINUM 

EePORT op a CjVSE 

James E. LE^VIS, M.D., Newington, Conn., Willis J. Potts, M.D., 

Chicago, III. 

O PENINGS in the anterior mediastinum with direct communication between 
two pleural cavities are very rare congenital abnormalities. Kupfer' 
studied mediastinal lesions in 6,000 autopsies and did not observe such an 
anomaly. In 1939, Ochsner, DeBakey, and Muinay- reported a case of con¬ 
genital absence of the anterior mediastinum visualized at operation for repair 
of a diaphragmatic hernia in an 18-month-old child. The entue anterior 
mediastinum was absent, and the right hemithorax could be visualized from 
the left thoracic wound. The pericardium and great vessels lacked their nor¬ 
mal attachment to the posterior aspect of the sternum. The diaphragmatic 
hernia was repaired, but no repair of the mediastinum was carried out. The 
infant made an uneventful recovery. 

In their report, a review of the literature revealed only nine other reports 
of human subjects suspected of having a passageway connecting the two 
pleural spaces. However, the report was the first clearly to describe the ana¬ 
tomic findings, which Avithout a doubt, represented a congenital abnormality 
of the mediastinum. 

Since that time a review of the Eterature reveals only one other case of 
proved congenital absence of the anterior mediastinum. In 1945, Gross and 
Lewis® reported an absent anterior mediastinum in a 4-year-old child who was 
operated upon for obstmictive emphysema of the right upper lobe caused by 
absent cartilaginous rings in the right upper lobe bronchus. A right upper 
lobectomy was carried out, and the anterior mediastimun reconstructed by 
suturing the pericardium to the sternal periosteum "with two rows of inter¬ 
rupted silk sutures. This was the first report of a successful surgical repair 
of the anterior mediastinum. 

In view of the rarity of the defect, one of us (J. E. L.) feels rather fortu¬ 
nate in having been able to collaborate with Dr. Gross in reporting the pre¬ 
viously proved ease in 1945 and to add yet another case of anterior mediastinal 
defect associated Avith obstructive emphysema of the right middle lobe of the 

Itmg. • 

CASE report 

A 4-moiitli-old wliite male infant was admitted to tlie Children's Memorial Hospital 
on the service of Dr. Stanley Gibson, June 1, 1950, with a history of dyspnea and cyanosis 
when crying noted since 6 weeks of age. 

From tire Surgical Service of the Children’s Memorial Hospital, Chicago, HI. 

Received for publication Nov. 18, 1960. 
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Fig. L—Anurcpogterlor roentflenogr^ ihow* Ih^mlddls lob«. 

l«er lobe, partial collapia o£ the right upper lobe, anil maraeu empoy.eu 
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The infant had an uncomplicated spontaneous birth following a normal pregnancy. 
He weighed 5 pounds, 5 ounces at birth, and progressed normally in weight gain and de¬ 
velopment without associated symptoms until 6 weeks of age. At this time it was noted 
that the infant became blue and dyspneie when crying. However, there were no other 
symptoms, and the infant developed normally until sis weeks before entry to the hospital. 
At this time he developed paroxysms of cough accompanied by crying, cyanosis, and rapid 
respirations. The attacks occurred approximately every half hour, and lasted from five 
to ten minutes. Associated with these attacks, he had difficulty in eating and lost weight. 
Feeding seemed to initiate difficulty in breathing and produced crying and cyanosis. Con¬ 
sequently he was brought to the hospital for evaluation and study. 

Physical ex amin ation on admission revealed a rectal temperature of 104° F., a rapid 
pulse, and rapid respirations. The infant was well developed and well nourished, hnt 
slightly cyanotic. Eespirations were grunting in character, punctuated by a dry hacking 
cough. Physical findings were essentially normal except for the chest examination. The 
anteroposterior diameter of the chest appeared prominent. The heart was shifted to the 
left, and the heart sounds were distant with no murmurs. There was a hyperresonance to 
percussion over the right anterior chest and over the cardiac area. Breath sounds were 
distant on the right side of the cheat and normal on the left. No rfiles were heard. 

Laboratory examination revealed a white blood count of 15,800, with 32 per cent 
polymorphonuclear leucocytes, 60 per cent lymphocytes, 5 per cent monocytes, 1 per cent 
eosinophiles, and 2 per cent stab forms; a hemoglobin of 10.4 grams per cent, and a red 
blood count of 4.42 million. The urine was normal. 

Eoentgenograms of the chest revealed emphysema of the right middle lobe with 
atelectasis of the right upper and lower lobes. The heart was shifted to the left. In the 
lateral view there was a clearly demarcated globular area of emphysema lying anterior 
to the heart beneath the sternum. The diagnostic impression was obstructive emphysema 
involving the right middle lobe of the lung (Figs. 1 and 2). 

The infant's grave condition precluded frirther studies, and thoracotomy was carried 
out as an emergency procedure. The infant was anesthetized with endotracheal cyclo¬ 
propane. A polyethylene tube was inserted in the right ankle vein for the administration 
of blood. 

The infant's condition was very precarious under anesthesia because of the poor 
exchange of g^ases in the small amount of functioning lung, and thoracotomy was rapidly 
carried out through the fourth interspace. The large emphysematous middle lobe delivered 
itself partially through the operative wound, and the pulmonary difficulties were suffi¬ 
ciently reEeved to aUow deliberate procedure with the operation. Inspection revealed a 
large emphysematous middle lobe occupying the right chest cavity and collapsing the right 
upper and lower lobes. On withdrawing the remainder of the middle lobe from the chest 
cavity, it could be seen that the middle lobe extended across the midline anterior to the 
pericardium into the left hemithorax through a large anterior mediastinal defect. The 
left lung could be visualized without difficulty through the defect in the anterior medi 
astinum. Consequently a right middle lobectomy was carried out. The vessels were dis 
sected out individually, ligated, and divided. The bronchus which appeared grossly 
was clamped with a toothed ductus clamp, divided and sutured with interrupted No. 0 
silk sutures. Pleura was then sutured over the stump of the bronchus. The qnestion^o 
closure of the anterior mediastinum then arose. It was felt desirable, but inadvisa e, 
in view of the precarious state of the patient, the technical difficulty from the postero 
lateral approach, and the increased anteroposterior diameter of the chest which would ^'6 
contributed marked tension to the suture line. 

Consequently, the chest was closed in layers with a catheter inserted into the pie 
cavity through the seventh interspace for drainage. 

At the close of the operation the infant's condition seemed good; however, as the 
intratracheal catheter was removed, respirations ceased. The catheter was quickly rem 
serted and the patient revived with artificial respiration and oxygen. This sequence o 
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events took placo throe moro times before normal respiration was reestablished. The 
infant was returned to hia crib approximately ono hour after surgery in good condition. 
His postoperative course was excellent (Fig. 3). Just prior to discharge on the tenth post¬ 
operative day, roentgenogmini revealed that the heart had shifted back to its normal 
position, and there was complete expansion of the right uppor and lower lobes (Fig. 4). 
No evidence of rocurroni emphysema or residual atelectasis was seen. The infant was dis¬ 
charged without symptoms, and when seen recently at tho ago of 7 months was in eicollent 
condition. 

Pathologic review of the lobe rovcnled no canse for tho omphysoma. The bronchus, 
bronchi, and bronchioles appeared patent and normoL Tho lung presented a typical picture 
of emphysema. The main bronchus was sectioned, and revealed no cartilaginous ring 
defects or obstruction. 



DISCUSSION 

This case is significant because it is only the third proved published cose 
of complete absence of the anterior mediastinum undoubtedly of congenital 
origin. However, of further interest is tho possiblo relationship of tho absent 
anterior mediastinum to tho dovclopmont of tho oiwtruclivo emphysema.^ No 
definite abnormality of the right middle bronchus could bo dotormined either 
grossly at the time of operation or inierOHcopioally in the pathologic Hpecimon. 
Unfortunately, the condition of tho iiifuut provouted l)rouelioscopy and bron- 
chograms, and an obstruction at tho origin, of Ibo right middle bronclius may 
have been overlooked. However, tho gradual duvelopmunt of symptoms witli 
the initial symptoms at G weeks of ago, tho presence of llio right middle lobo 
herniated through tlie wide congeniUil dufecl of tliu medinstiuum, and tiio ap¬ 
parent absence of abnormalities of tho bronchus to acenimt for tho emphysema 
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cause one to suspect that the anterior mediastinal defect may not have been 
pui’ely coincidental, but may have contributed to the development of tbe 
emphysema. 

The anterior mediastinum represents the midline partition persisting after 
expansion of the parietal pleurae ceases. Before birth the lungs are relatively 
small and compact. They occupy only the dorsal portions of the thorax, while 
the anterior mediastinum is quite extensive and is very broad. With the onset 
of breathing at bii’th, the lungs distend ■with air, assume a more anterior 
position, and press and narrow the anterior mediastinum. The anterior and 
central position of the middle lobe make it more vulnerable to herniation 
through a mediastinal defect. Consequently, in this case we feel that it is 
highly probable that the herniation of the middle lobe through the anterior 
mediastinal defect resulted in kinking of the middle lobe bronchus ■with sub- 



Pigr. I. Anteroposterior roentgenogram on the tenth postoperative day showing Uw heart 
normal position with complete expansion of the right upi>er and lower looes. 

sequent gradual development of the massive obstructive emphysema. Pei haps 
one should add this congenital abnormality to the possible etiological agents 
in obstructive emphysema. The striking lateral films of the chest in this c^e 
and the case reported by Gross and Leivis are very suggestive of anterior 
mediastinal defect, and should justify a presumptive diagnosis preoperatively- 
Should such a mediastinal defect be closed? There is insufacient recorded 
experience to fuimish an answer. It would appear that if there were any co- 


LEWIS AND POTTS; OttJl’RUCTira EIU’UVSEIIA 


443 


existent disease or mnlformatiou which might unhnlauce llie pressure iu the 
two sides of tlio chest, tho defect should be closed. However, if a defect of 
the mediastimuu were an incidental finding as in Ochsnor’s case, it would 
seem better judgment to leave it as found. It is not a simple matter to close 
a large mediastinal defect. Furthermore, untoward complications conceivably 
might arise from drawuig the pericardial sac with many fine interrupted silk 
stitches to tho periostenm of tho posterior surface of the stemrun. The medi¬ 
astinal defect in our patient was not closed because the condition of the ]ia- 
tient did not warrant extension of tho operating time. It did not seem likely 
after the emphysematous middle lobe had been removed that there was much 
chance of fui'ther complications from this defect. 

SUltilABV • 

A case report is made of a 4-moutli-old male infant who liad a large anterior 
mediastinal defect with free interpleural conmiunication and obstructive em- 
phjTsema of tho middle lobe producing severe respiratory symptoms. 

Tho possible role of the anterior mediastinal defect as an etiological agent 
in tho development of the obstructive emphysema m this case is discussed. 
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CAVEENOUS HEjVIANGIOlilA OF THE THOEACIC WALL ASSOCIATED 
WITH CLINICAL EVIDENCE OP AETEEIOVENOUS FISTULAS 

Timothy Takaro, M.D.,* and 0. Theron Clagett, M.D.,** Eochester, j^Iinn. 

W E AEE reporting data on a patient recently observed at the Mayo Clinic 
who had a large cavernous hemangioma associated with clinical evidence of 
arteriovenous fistulas involving the seventh, eighth, and ninth intercostal 
vessels of the left posterior thoracic wall. Eesection of the lesion was success¬ 
fully accomplished. 

In a review of the literature in English since 1935, we found no case of 
cavernous hemangioma associated "with clinical evidence of arteriovenous fistula 
involving the intercostal vessels, in which surgical treatment had been carried 
out. Cavernous hemangiomas of the thoracic wall which are not associated with 
clinical evidence of arteriovenous fistula and which require surgical treatment 
are uncommon enough in themselves. Such lesions involving the bones of the 
thoracic wall have been reported by Buey and Capp,^ Mallory,^ and Dorner 
and Marcy.® Excision of the involved bone "with recovery has been the rule, 
although some of these patients were successfully treated ^vith roentgen 
therapy. Shadow and his co-workers,'* in a review of 335 cases of primary 
hemangiomatous tumors of skeletal muscle, found thirty-nine involving 
muscles of the thoracic waU, of which four involved intercostal muscles. Of 
the entire series, a bruit was heard in 1.8 per cent, and a thrill Avas noted in 
0.6 per cent. At least one of the hemangiomas invol'ving the thoracic wall was 
associated with both a thrill and a bruit. This was the case of Serra, Lavenia, 
and Prega,® in which the lesion was said to involve the muscles of the right 
hemithorax. Excision Avas carried out in this ease, Avdth recovery. 

Elkin and Cooper® reported three large hemangiomas of the thoracic Avail, 
two of Avhieh Avere completely excised. A bruit was not specifically asso¬ 
ciated in the report Avith any of these, although in three of the nineteen 
extensive hemangiomas from all parts of the body with which this report 
dealt, pulsations Avere present, and in two a bruit Avas audible, and Avas inter¬ 
preted as eAddence of large arteriovenous communications. 

During the fifteen-year period from 1935 through 1949, fifteen cases of 
cavernous hemangioma, in Avhieh surgical treatment was carried out, w^e 
seen at the clime. In none of these eases was there clinical evidence of arterio¬ 
venous fistulas, as indicated by the findings of a thrill or a bruit, nor was there 
any roentgenographie evidence of erosion of the ribs. Three of the heman¬ 
giomas possibly involved intercostal vessels, but since the lesions were only 
partially excised, their true extent could not be determined. 

Received for publication Dec. 11, 1950. 

•Fellow In Surgery, ilayo Foundation. 

••Division of Surgery, Mayo Clinic. 
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Several cases have been reported in which the presumptive diagnosis of 
arteriovenous fistula has been made, but definitive treatment was not under¬ 
taken. The earliest sncii case which we could find in the literature in English 
was that of Langmead,' reported in 1912. His patient was a woman aged 
55 years with tortuous pulsating vessels over the posterior aspect of the 
thoras, associated with a thrill and a loud systolic bruit, the pitch of which 
coold be altered by pressure. A rounded circumscribed shadow between the 
third and fourth ribs posteriorly was seen on the roentgenogram of the thorax. 
This was thought to bo an intercostal aneurysm, but a cirsoid aneurysm was 
also considered. Pathologic proof was not available. 

Hench and Horton* described bruits in two female patients, in both of 
whom a continuous murmur ivas heard in the seventh interspace on the left, 
inst beneath the lower tip of tlio scapula, posteriorly. There were no other 
local signs. Pressure over the bruit did not cause alo\ving of the heart rate, 
hi one of these patients, roentgenographic evidence of scalloping of the 
inferior borders of the seventh and eighth ribs on the left was seen. The 
clinical diagnosis in each case was arteriovenous fistula of tlie intercostal 
vessels. No attempt was made to treat the condition. 

Maliner* reported the cose of a boy aged 12 years with an epigastric tumor 
aiM Uko a bundle of worms” over which a systolic murmur could be heard, 
which could bo made to disappear with firm pressure. The clinical diagnosis 
was cavernous hemangioma. There was no roentgenographic evidence of in¬ 
volvement of bone. Surgical treatment was not undertaken. 

One case has been encountered at the clinic in the past fifteen years, in 
which an extracardiac bruit suggestive of an arteriovenous fistula involving 
vessels of the thoracic wall was heard. The patient was a woman aged 36 
r^, in whom a to-and-fro machinery murmur was observed over the 
mphistcmal area, e-xtending over the precordium and loft axilla, and 
posteriorly along the medial border of the left scapula. The results of 
foentgenographic study were negative, and cardiac catheterization did not 
veveal any abnormality of the heart or great vessels. There were no asso¬ 
ciated symptoms, and treatment was not felt to be necessary. 

We were able to find two cases of posttraumatic arteriovenous fistula 
mvolving vessels of the thoracic wall. Shumaekor and Carter'” reported one 
among 354 traumatic arteriovenous fistulas and arterial aneurysms. 

. case, the fistula was between the internal mammary artery and the 
iMominate vein, ilore recently, Elkin” reported the case of a female physi- 

aged 39 years in whom a traumatic arteriovenous aneurysm of the vessels 
^ the right aide of the diaphragm was successfully excised. This patient had 
previously been considered to have an arteriovenous fistula of the ninth inter- 
vessels, of more than twenty years’ duration, foUoiving repeated 
. f^enteses for pleural effusion. There was a harsh machinery-like bmit 
^ . systolic accentuation in this area, which could not bo obliterated by 
pressure. No erosion of the underlying ribs could be seen on roentgenographic 

^^Munation. 
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A congenital arteriovenous fistula involving the left peetoralis major 
muscle was recently reported to have been successfully resected by Maier and 
Stoutd^ This lesion occurred in a woman aged 30 yeai-s in whom a continnons 
murmur in the precordial region had led to a previous diagnosis of patent 
ductus arteriosus. It was not until a mass underlying the left breast became 
palpable that the diagnosis of arteriovenous fistula of the thoracic waU was 
made. This mass was slowly expanding, and a continuous bruit with systolic 
accentuation was heard over it. A thrill which could be diminished by firm 
pressure was also observed. These authors also mentioned having observed a 
patient with arteriovenous fistulas, one in the thoracic wall, and the other in 
the opposite lung, which was giving rise to hemoptysis. 

CASE REPORT 

A white fireman, aged 40 years, was first seen at the Mayo Clinic on July 10, 1950, 
complaining of a tumor mass of tlie posterior left portion of the thorax. The family history 
was noncontributory. The patient had been well all his life except for a traumatic amputation 
of the terminal phalanx of the left fifth finger. In February, 1948, while opening a fire 
hydrant, the patient felt something “give” in the region of the posterior axillary line of the 
left lateral portion of the thorax. There was pain in the area for two weeks. Treatment was 
strapping of the thorax. Continuous soreness was felt in this area until three or four months 
later, when a snmH mass the size of a half dollar was first noted in the left scapular area. 
This gradually enlarged and there was some discomfort when the patient lay on this area. 
Three or four months prior to. admission, the patient thought that the enlargement was 
progressing more rapidly than before, he began to have a sense of “pressure” in the left 
side of tlie thorax, and the mass became slightly tender. He had lost no time from work, 
however. There had been a loss of 12 pounds (about 5.4 kg.) in the past year. Needle 
aspiration of the tumor had been carried out elsewhere, one week before the patient was 
seen at the clinic, with temporary reduction in the size of the tumor. The contents were not 
described. The results of a review of the history by systems were entirely negative. 

On physical examination, the patient was found to weigh 145 pounds (about 65.8 kg.) and 
did not appear to be ill. The pertinent finding.s were as follows: A soft pulsatile mass, 
approximately 12 by 6 centimeters in size, was found extending from the inferior tip of 
the left scapula inferolateraUy, with no discoloration of the overlying skin. This mass was not 
tender, and no thrUl was palpable. On auscultation over this mass, a bruit with systolic 
and diastolic components was heard in some areas. It was best heard in the inferior lateral 
aspect of the mass. Pressure with the stethoscope over this area did not alter the character 
of the bruit. Blood pressure was 120/74. The pulse was 76 beats per minute. 

The laboratory findings were: hemoglobin 13.2 Gm. per 100 c.c. (88 per cent); leuco¬ 
cytes 6,200 per cubic millimeter; serologic reaction for syphilis negative; sedimentation rate 
(■Westergren) 9 mm. m 1 hour; total proteins 7.7 Gm. per 100 c.c.; normal albumin- 
globulin ratio; calcium 10.6 mg. per 100 c.c. of serum; phosphate 3.0 mg. of phosphorus per 
100 c.c. of serum; Bodansky alkaline phosphatase was 2.8 units. The urine was negative 
except for rare erythrocytes in the sediment. 

A roentgenogram of the thorax showed a soft-tissue tumor in the left side of the back, 
with scalloping defects involving the inferior margin of the seventh rib, both margms of the 
eighth rib, and the superior margin of the ninth rib- (Fig. 1). 

The clinical diagnosis was arteriovenous fistula and aneurysm of the posterior thoracic 
wall. Eesection was advised in spite of the probable diflaculty and danger involved, because 
it was felt that there was no alternative to surgical treatment. Accordingly, operation was 
carried out on July 14, 1950, by one of us (Clagett). 
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FiC. 1.—Portion of tho preopcrative rotmtfftjnotfrani of the thorax, sljowinp the ililTu*e 
haxlneu of U>e •oft-tUwue nvau in the posterior Kali of the left ilde of the thorax, with 
jcolloplng' UefecU Involving the Inferior manrtn of the seventh rib, both margin* of Gte eighth 
rib, and the auperlor mar^n of the nlntli rib. 



, Fig. 2.—Po»toporatlvo roentgenogram of the tliomx, to dcraonitrate tho aUo of the defect 
the thoracic cage foIJowJnff removal of portion* of three rib* which were Involved in the 
carenioui hemangioiiwu 
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Operation .—A curved incision was made over the large pulsating mass involving the 
left side of the thorax posteriorly in the region of the seventh, eighth, and ninth ribs, jnat 
below the tip of the scapula. The incision was deepened through the trapezius and latissimus 
dorsi muscles. The superficial layers showed some evidence of increased blood supply. The 
large pulsating tumor mass was exposed. It apparently involved the seventh, eighth, and 
ninth ribs and intercostal spaces and thoracic wall posteriorly. In order to ascertain the 
intrathoracic involvement, the ninth rib was sectioned anterior to the mass, and the pleura 
was opened. Huge tortuous dUated blood vessels involving a plaque of thoracic wall could be 
felt. The eighth and seventh ribs were sectioned anterior to the aneurysmal mass to find and 
ligate the intercostal vessels accompanying these three ribs, and that portion of the thoracic 
wall was then resected upward. The interior of the pleural space could then be exposed. With 
considerable difficulty, the seventh, eighth, and ninth intercostal arteries and veins adjacent 



Pigr. 3.—Gross rathologlc specimen, consisting of a portion of the thoracic 
the musculature overlying the portions of the resected ribs. Both the cavernous hemanjsiu 
tous musculature and ribs are Involved In the mass. 

to the aorta were dissected out, ligated, and divided. The whole tumor mass became softer 
after this, and resection of the plaque of involved thoracic wall was begun. In spite of the 
fact that it was thought that the entire blood supply to the thoracic wall had been controlled, 
on all sides, there was a very severe hemorrhage posteriorly as the aneurysmal mass was cut 
away. It came directly from the bone marrow of the three ribs where they had been cut 
posteriorly. This had to be controlled with bone wax. The whole area oozed and bled, u 
the hemorrhage was finally controlled with mattress sutures and gelfoam. The pleural space 
was washed with saline solution, and the lung was inflated. A catheter was inserted 
temporary closed drainage of the pleural space. Since the defect in the thoracic wall was 
too large to permit closure, no attempt was made to close the opening between the ri^ 
however, the trapezius and latissimus dorsi muscles superficially were closed satisfacton y. 
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Arteriovenous fistulas involving intercostal vessels are rare. Not a single 
ease could be found among 447 eases of arteriovenous fistula reported in Cal¬ 
lander’s” series, nor among tlie 620 eases, the data on which Avere analyzed by 
Matas^® from his OAvn personal experience. 

Notching or scalloping of ribs is usually associated Avith coarctation of 
the aorta. HoAvever, Batchelder and Williams^® have described notching of 
the inferior surfaces of the fifth, sixth, and seA’-enth ribs on the left, posteriorly, 
in the case of a man aged 38 years Avith the tetralogy of Fallot, in Avhicli at 
necropsy, dilated, tortuous intei-eostal arteries Avere found in these locations, 
without coarctation of the aorta or aneurysm of these vessels. Maier and 
StouF® also mentioned notching of the ribs, in a case of arteriovenous fistula 
of the thoracic wall in association Avith a pulmonary arteriovenous fistula, to 
which we have already referred. Maier mentioned this observation again, in 
discussing the report of Lindskog and his eo-Avorkers,®® on pulmonary arterio- 
Amnous aneurysms. Our ease illustrates this unusual cause for scalloping of the 
idbs yet again. 

SUAniARY 

A ease has been reported of cavernous and capillary hemangioma of the 
left thoracic wall, Avith clinical evidence of arteriovenous fistulas, in which re¬ 
section of the mvolved ribs, intercostal muscle bundles, and adjacent muscu¬ 
lature of the thoraeic Avail Avas successfully carried out. The pertinent avail¬ 
able literature is revieAved, and the significance of extracardiac bruits and of 
notching of the ribs, both of Avhieh Avere present in this case, is discussed. 
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AN ANOMALY OP THE PULMONARY VEINS 
A Case Study 

Lt. Col. Francis N. Cooke, IM.C., John M. Evans, M.D., 
Albert D. Klstin, M.D., and Brian Bi.ades, l^I.D., Washington, D. C. 


C ONGENITAL malformations Avithiii the pulmonary circulation form a 
very interesting group of vascular anomalies. Once thought to be ex¬ 
tremely rare and diagnosed only at autopsy, these lesions are bemg encoan- 
tered more and more frequently by both clinician and surgeon. The increased 
use of exploratory thoracotomy, angiocardiography, and cardiac catheteriza¬ 
tion as diagnostic aids Avill no doubt bring many more of these eases to our 
attention. In the case reported here the right inferior pulmonai'y vein drained 
into the inferior vena cava. There were associated malformations of the 
lobar bronchi and an aberrant bronchial artery to the right lower lobe. The 
anomalies were discovered at operation and further evaluated by angio¬ 
cardiography, cardiac catheterization, and bronchospirometry. 


A 20-year-old, white male soldier was admitted to a station hospital in Japan because 
of a persistent shadow on roentgenogram examination which suggested segmental atelec¬ 
tasis in the right lower lobe. The patient had successfully undergone basic training and 
endured the rigorous physical exertions required of an infantryman without sjTnptoms. 
He was transferred to Walter Eeed Army Hospital for diagnosis and disposition. Boent- 
genograms revealed a crescent-shaped area of increased density in the right lower lung 
field, which paralleled the right heart border (Hig. 1). 

Physical examination was negative. There was no historj' of cyanosis or dyspnea. 
The patient had developed normally in childhood, and his activities had in no way been 
curtailed. Pulmonary function studies were within normal limits. Bronchoscopy re¬ 
vealed some variation in the right lobar bronchi in that the lower lobe bronchus divided 
into two equal sized bronchi from which the segmental bronchi arose. One of the 
segmental bronchi seemed stenosed or occluded. The remainder of the bronchoscopic ex 
amination was negative. Bronchography substantiated the bronchoscopic findings (Fig- 2)- 

The more lateral of the two lower lobe bronchi gave off segments which seemed to cor 
respond to the superior segmental bronchus of the lower lobe, the two segmental 
of the middle lobe, and the anterior basal and lateral basal bronchi of the lower lo • 
The medial of the two main lower lobe bronchi gave off two segments which correspon e 
to the posterior basal and medial basal segmental bronchi. In addition, there were two 
segmental bronchi which appeared to be blocked or stenosed. It was on the basis of >3 
evidence that the diagnosis of segmental atelectasis was made, and exploratory thorac 
omy advised. 

At operation, a few filmy adhesions were present between the lower lobe and a 
phragm. As these were stripped away' a large vein was visualized on the diaphragm 
surface of the lower lobe. The vein appeared to take origin from within the lung stnic 
ture and pass through the central tendon of the diaphragm (Fig. 3). 

Accompanying the vein was a large artery which entered the under surface o 
lobe from below the diaphragm. Further exploration revealed complete absence of t 
pulmonary ligament and no inferior pulmonary vein in the region where it is or i 
located. The superior pulmonary vein was easily visualized, and appeared normal^ 
pulmonary artery also appeared normal. In the region where bronchography led us o 
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peet itenosed or oocludod bronchinl segments, blind pouches from otherwise normal bronchi 
could be palpated. The anonmloua vein which seemed to provide the only drainage for 
the right lower lobe woa apparently the inferior pulmonary vein. As the exposed 
inomilous vein, which was approximately three centimetom in length, approached the dia¬ 
phragm it ^ms directly in line to join the inferior vena envo, which could bo easily vis¬ 
ualized because of the absence of the pulmonary ligament. The two veins united just 
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f. • - » 

L_.,.. ...--i 

Klg. L.—Poatcrlor-anlcrior roentyonoprani of the cheaL 

twneatU tho diaphragm. Exploratiou of the right heniithorox revealoil no other abnormal- 
ilea. The heart appeared normal except for prondtience of the right border. On the basis 
thao flmlings, it was dedilod that further studiea whioh should indudo angiocardio- 
BTMS aid cardiac catheterization would be necessary to determine whether or not other 
rimormalitles existed. The diest was dosed. The patient had on uneventful convales- 
cenee. 

Angiocardlograma were done six weks after the exploratory thoracotomy. A series 
“f eight angiocardiograms was made at one nod one-half second intervals following 
dlodraxt injccHon (Piga. -LJ and 5J). There were no abnormalities of the cardiac chambers, 
pulmonary arteries, or aorta. The left nuridc inui well Timmllied, and at the time of opneifl- 
cation of this chamber and the pulmonnry veins, an nnusual, irregular prominent network of 
eeia^ appeared in the right middle lung Hold continnous with a largo vessel along the right 
«niiac border. The latter woa npproiiumtely 13 mUlLmoters in diameter and paraUelod 
curve of the right cardiac border from which it waa separated by seven milUmeterB. 
IS vessel seemed to pass beneath the diaplirngm. 

The fllliag of this vessel at this partlcnlnr time leaves no doubt that It was a largo 
Pubaoaary vein connected with an abnormally prominent and irregular network of pul- 
“oaaiy veins in the right middle lung Hold. No arteriovenous flstulao were demonstrated. 




•Artist’s conception of the anomaly as seen at operation. 






Fljf. 4.—AnfflcKanllogranj three »<!Cona3 after hWii puN 

.^bowin^ opaclflcriUoa.of ■uporJor.'Yf^-^VM, artery. 5VC 


ilTMt__ _ 

monary arterle*. LIV, left InnonUnato vein. 
Mpertor vena cava. 
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Fig-. 0.—Posteroanterlor roentgenocram taken on tlie ninth postoperative da; 
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•W-ytor-oW man who Uad died from traonin twenty-throe day« previously. The graft had been 
preserved in a moditied Tyrodo’a solution and kept nt -I® 0. A piece of the iliac artery which 
mcasared seven centiuictors in length ami fourteen niilUmofcrs in external diameter in its 
completely relaxed state api>caroil ado<iuato for onr nci'ds. The coarctation (Fig. 4) was 
eiciscit between Potts clnrups, and the graft sutoretl in place, nsing continuous 0000 silk 
everting auturca. The distal end of the cxcimhI segment had been cut obliquely in order to 
preserve all branches of the abdominal noito. As soon as tlie clamps were released, there 
were cicelleat pulwitions in the graft and the aorta below tha graft. Pulantloiw were 
palpable in the dorsalis pedis and the posterior tibliil arleric*s. Fig. 5 illustrates the graft 
in situ. 



Ptg. T.—This chart Oeplcta tl»e cJianffO* In the patient’s blood pressure. 


The patient withstood the procedure well. FIftecu hundrotl cubic centimeters of blood 
given during the operation. 

Follow-up .communication from tho patient Indicateil that tlio bWl pleasure in her 
°PPer extremities haa been maintained in the vicinity of 148/7S. In the lower eitrcmltics 
the blood prcbsuro has been approximately 123/SS. The ])atleat remarke<l that in general 
■he has been feeling better tlian at any time for several years. 


SUltlLUlY 

This is the eighth case to be reported of coarctation of the tlioraeic aorta 
•^curring at the level of tlie diaphragm, and the first case treated 8iicces.sfnlly 
''■ith a preser\'ed arterial graft. 
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The clinical features of hypertension in the arms -with no palpable pulsa¬ 
tions nor measurable blood pressure in the lower extremities combined with a 
systolic bruit of maximal intensity at the ninth and tenth thoracic vertebrae, 
fluoroscopic demonstration of a normal aorta as far as the middescending 
portion, and notching of the lower most ribs, suggested the diagnosis. Angio- 
cardiograph}'^ successfully demonstrated the correct location of the coai-ctation. 

Thoracic exploration was postponed until preserved arterial grafts were 
available since the probability of a long stenosed segment was recognized. Ade¬ 
quate exposure was obtained by .subperiosteal resection of the ninth rib. At 
operation a coarctation of the aorta six and one-half centimeter’s long was found 
which extended from the nintli thor’aeic vertebra to the first poidion of the 
abdominal aorta. The stenosis was dissected free, excised, and replaced by a 
23-day-old graft seven centimeters in length. A piece of the blood vessel used 
as a giuft grew in tissue culture when it was tliirrt-nine days old. Postopera- 
tively the patient convalesced uneveutfnliy, and at the present time has relatively 
normal blood pressures in her extremities. (Pigs. 6 and 7.) 
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AN EFFECTIVE ^METHOD FOR BKONCIIIAE OLOSOIiE 
Richard A. R.\smuS3KN, Okaxd Rapiim, irioii. 

A LTlIOUCill bronchial closure following piilmonury resection lias been fairly 
well fitondartlized and tlie incidence of reopening luui been g"?atly dimin¬ 
ished, this unfortunate complication still occuHionally occui’s. A simple inodi- 
fieatiou of the accepted methods of covering the stump with plciua has proved 
to be so successful in the past year that it is thought to be v.iiuc briclly 

to present the technique used. 

The experience with tliis technique of broncria] closure is too bmited to 
I>e of statistical significunce, but from a practical n' iudpoint it socuih woU uortc 
reporting. It has been used in thirty-flvc euse.s of pulmouaiy resecUou’i. These 
wore lobectomy, segmental resection, and pneumonectomy for a vanely oi con¬ 
ditions including neoplasms and infections, botli nontuberaulons uiul rubcrculouH. 
.There was no evidence of broncliial disruption in any case, but in one t.. 
was evidence of leak. In the latter a leak was assumed because of h - 
Tncnt of ail empyema with some production of bloody mneas eeveuf 
lowing a left lower lobectomy and lingulectoniy for bi'or.chiectfcs '--i 
pycnm was drained openly and satisfuctoiy healing occurred without cv:d—icr 
of persistence of a fistula, 

Rienlioff and associates^ in 11142 reviewed the subject of brcmcluei et'jcurc 
mid drew important conclusions based on experimental and c.m.c&i 
They stressed the important factors coiiccnied with the healiug -f the .'wveie 
hronchus. These were tliat the cut bronchus heals at its end, ibc 
of preserving a viable stump by avoiding trauma to it or to any of ils rCisr : 
ond the iinimrtanee of covering the cut end of tlie bronchus vvitu " 

^liastinal pleura. They obtained healing by several motuods; one o. 'vL. .. 
was simply to leave the bronchus widely ojien with pleura sutured ag-’iUj.'*. a, 
another was to place the sutura line ns far proximal as possible from the cut 
end, (^vering the latter with pleura only. - Their most fraquent and serious 
complication was opening of the hronchial stump with the development of a 
, fistula. 

In 1945 Sweet* presented a method of bronchial closure based on the abo\c 
principles and stressed, among other tilings, the imiJortancc of covering tlio 
cut cud of the bronchus with pleura by suturing the edge of a pleural llap to the 
Peribronchial tissue proximal to the sutured end. 

method of bronchial closure which, although it may not bo original, has 
proved entirely satisfactory during the post year, is presented. 

The method used is as follows: the part to be reseeted is first mobilized 
its bronchus by dissection and division of its vascular supply and pen- 

for publication Felx 17. 1961. 
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bronchial attachments, except that in segmental resection the vessels and bron¬ 
chus may be isolated fii-st. The bronchus is then clamped close to the lung 
tissue distal to the point of planned section to prevent any spillage from the 
diseased portion. Sutures of No. 0000 silk on small straight needles are then 
passed through the bronchus about 3 mm. proximal to the line of section. This 
entire line of marginal sutures is placed, keeping each suture in order. Gauze 
is then placed around the bronchus to guard against any possible contamination. 



Fig-. 1.—Steps in closure. A, First vertical mattress suture In place proximal to rnar^na 
row of bronchial sutures: others to foliow In order. B, Section of bronchus showing sutures in 
place and tied, <7, Completed closure. 


These sutures are then held aside while the bronchus is cut across directly with 
the knife, or -with a right angle scissors, and the sutures are then held up snugly 
as a unit. The bronchus is thus open a vei'y short time. The sutures are then 
tied snugly, one by one, approximating the membranous portion to the carti¬ 
laginous portion of the bronchus. One oi’ two additional sutui’es may then be 
placed if necessary for an airtight closure. A variation of this part of the pro¬ 
cedure is to place and tie each suture as the bronchus is cut across as described 
by Sweet (1945). The straight needle is believed to be better than a curved 
because the point is more easily and definitely directed. 
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The marginal row of sutures is used to manipulate and to hold the bronchus 
while it is covered with adjacent pleura, this being elevated as a flap, or simply 
shitted, usually from the posterior vertebral area. In Pig. 1, d. sovei-al vertical 
mattress sutures of fine silk are placed through the bronchus just proximal to the 
marginal row of sutures, each of these sutures anchoring the pleura snugly over 
the bronohus.both anteriorly and posteriorly in glovelike fashion. The nousorous 
surface of the pleura is brought closely against the cut end of the bronchus. 
Each suture is passed tlirough an edge of the pleura, then through the bronchus, 
and through the other edge of the pleural flap. It is then brought directly 
back alongside itself through pleura, bronchus, and pleura close to the starting 
point. The pleura is brought nicely over the entire cut end of the bronchus 
as these sutures are tied after all have been placed (Fig. 1, B and C). 

This method of closure approximates the bronchial mucosa proximal to the 
cut end of the bronchus and the marginal sutures. Though this may be a dis¬ 
advantage, it has not thus far proved to be so. The method does tend to bring 
the subpleural areolar tissue in close apposition to the end of the bronchus 
without leaving appreciable, aetuai, or potential space between it and the pleura. 
This should further insure good healing. 
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A BRONCHIAL YARDSTICK 
Ernest B. Emerson Jr., M.D., Rochester, N. Y. 


W ITH the development of thoracic surgery, in recent years, a need for an 
easy and accurate means of obtaining linear measurements within the 
tracheobronchial tree has been increasingly apparent. For an example, one of 
the things a chest surgeon needs to know is how much distance there is between 
a bronchial lesion and the carina. For the purpose of surgery a report from the 
endoscopist to the effect that it is so many centimetei's from the incisor teeth, 
or an estimate of two to three centimetei's beyond the carina is of little value. 
The thoracic surgeon has been justified in Ms criticism of such reporting, and 
it has forced him, in many instances, into doing his own bronchoscopy when he 
is already carrying a too hea-vy work load. 

With the hope of starting endobronchial studies on a more satisfactory basis 
from the point of view of accurate quantitative examination the Bronchial Yard¬ 
stick has been designed. It allows the endoscopist quickly, easily, and safe y 
to obtain the necessary measurements ivithout undo prolongation of the diag 
nostic bronchoscopy. 


The instrument consists of a brass rod (or tube) 1.5 mm. in diameter and 60 cm. ni 
length. On this rod are mounted, in unattached tandem, t^vo jewelers’ pin clutches of hianie er 
suitable to the lumen of the bronchoscope to be used, so vision by them is possible. ase 
pin clutches are mounted in direction such that they are locked in the direction of t le 
ripheral end of the rod, and yet will move easily up the rod, tlius eliminating danger o 
dropping off tlie end of the rod into the trncheobroncliial tree. 

The proximal pin clutch is fitted with a transverse spike so that as- the instrument 
carried into the bronchoscope the clutch is automatically carried up the rod and 
the peripheral clutch. A small fitting at the end of the rod serves two purposes. ' 
prevent possible escape of a faulty pin clutch, and (2) it acts as a sort of gun site ma 
it easier to accurately place the end of the rod at the desired spot, i.e., tlie border o 
lesion in question. 

The technique of bronchial linear measurements with the above described instru 
is easy, and to the experienced endoscopist the diagramatic illustration (Fig. 2) a ill he a 
self-explanatory. The two pin clutches are set at the point desired, the rod is then a van 
into the trachea or bronchus to the further extremity of the line between the tuo 
question. The instrument is then afithdrawn and the distance between the two pin c u c 
is measured in millimeters. Thus, it is possible, by successive settings of the clutches, ° ^ 
to measure the distance from the carina to the lesion, but also the size of the lesion, in respo 
to the length of the bronchus, may also be measured. 


Prom the Department of Surgery, Division of Otolaryngology, University of ornneho- 
School of Medicine and Dentistry, Rochester, New York, and In conjunction with tne 
scoplc Service of the Batavia Veterans Hospital, Batavia, New York. 
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SUMM^VRY 

1. An instrument, termed a Bronchial Yardstick,* for obtaining linear 
measurements within the tracheobronchial tree has been described. 

2. The instrument has been found satisfactory as to ease and safety in 
actual use. 

3. The accuracy of the measurements obtained are satisfactory’ to the 
thoracic surgeons. 

4. It is hoped that the introduction of this instrument may mark the be¬ 
ginning of more accurate endoscopic reporting. 


‘The Bronchial Yardstick may be obtained at The Foregger Company. Ina, 55 "U Mt 
•12nd Street, New York IS, N. Y. 



CLONICALLY INDETBRIIINATE PULilONART FIBROSIS 
A PATHOLOGIC STUDY* 

Hoher D. Peabody, Jr., ILD.,** Hehuax J. Moersch, M.D.,*** and 
Jesse E, Edwards, 1I.D.,§ Rochester, Hemn. 

I N THE study of pulmouary disease the physician is often confronted with 
the problem of diagnosis and treatment of a patient who has shortness of 
breath, cough, and at times cyanosis, cither with or wthout positive physical 
signs. The roentgenogram of the thorax shows bilateral parenchymal infiltration 
of indetermuiate nature, and additional study may fail to reveal the under- 
bung canse. The terra “pulmonary fibrosis" is often used to categorize these 
patients. 

llallory* defined pulmonary fibrosis as “ A condition characterized by multi¬ 
focal or generalized fairly evenly disseminated pulmonary lesions, the origin 
of which is dubious.’’ Sueh a definition is supporteil clbiically by the roentgeno¬ 
gram of the thorax, which presents the only uniformly objective evidence of 
pulmonary disease. 

It is only by adeciuato pathologic study that atiy type of classification can 
be made. Jlallory,^ in a review of the records of 6,000 necropsies, found the 
anatomic diagnosis of pulmonary fibrosis in fifty-nine instances, in only twenty- 
three of which the patient had liad any pulmonary symptoms. He divided 
these cases into four groups, as follows: (1) organization of intra-alveolar 
fibrinous exudate, ns seen in bronchitis or pneumonic exudation without resolu¬ 
tion; (2) healed urfarction; (3) healed destructive pueumouitia and infections 
producing necrosis, as seen in infectious granulomas, and septic mixed mfec- 
tions which aro usually associated ^vith abscess formation or bronchiectasis; and 
(J) interstitial fibrosis, either in alveolar walls or lymphatic channels. In this 
group are mentioned prolonge<l chronic passive congestion from valvular car¬ 
diac disease, interstitial pnciunonia, sarcoid, \'iral or rickettsial mfections, chem¬ 
ical irritation, ns well as still other processes. 

Some of the charaoteristics of the lung, said to have fibrosis, and regardless 
of the specific etiologic agent, are increase in the collagenous tissue, and destruc¬ 
tion and distortion of the elastic elements with loss of the normal recoE power 
of the parenchyma. The alveoli are obliterated wliieh in turn decreases tho 
area of ventilating surface. The scarred walls have decreased vascularity in the 
end stages, which produces diminished aeration of blood. Jletaplasia of the 
alveokr lining ceE to a cuboidal tj-pe may occur, lending to an alteration in 
function of the alveolar Uning. 


, 'Abriclgment of the»U nubmltleU by pw 
of Uio University of ADnoCMta In partlnt fuinilment 
Master of Science In Medicine. 


Received for piiijUcatlon Keb. 1951. 
••Fellow In Medicine. Maro Foundation. 
•••DIvlalon of Medicine. Mayo CHnIc. 
iSecUon on Patiioloffic Anatomy, ilnyo CIfnIc. 
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In 1932, Cooper^ tabulated twelve conditions which must he considered hi 
the differential diagnosis of bilateral, fairly evenly disseminated lesions. Aus¬ 
trian and Broivn,® in 1942, listed twenty-five causes for such a roentgenogi-aphie 
picture, and by 1948, Nelson and Heublein'* mentioned seventy-five different 
causes. An etiologic classification of pulmonary fibrosis, as modified from a 
summary by King,® is presented in Table I. 

In an attempt to clarify the diagnostic tenn “pulmonary fibrosis,” we made 
a study of cases in rvhich a clinical diagnosis of bilateral diffuse pulmonary 
fibrosis of indeterminate origin had been made and in which necropsy specimens 
were available. Details of the study follow. 

SELECTION OF CASES 

A review was made of the cases at the j\Iayo Clinic from Jan. 1, 1920, 
through Feb. 28, 1950, in which a clinical diagnosis of bilateral pulmonary 
fibrosis or indeterminate bilateral pulmonary infiltration was made, and in which 
the roentgenograms of the thorax revealed disseminated lesions. All eases in 
which the etiologic agent was Iniown or strongly susiiected were excluded from 
this series, as were those in which the data was insufficient for adequate study. 
No cases in which an occupational hazard might have contributed to the “fibro¬ 
sis” were included. Diseases such as Boeek’s sarcoid, asthma, senile emphysema, 
proved or probable bronchiectasis, chronic bronchitis, tuberculosis, or other 
proved parenchjTiial infections were not included. Those cases of fibro.sis asso- 

Table I. Etioeocic Ceassifxc.vtion of PULiroNARY Fibrosis 


Infectious diseases 

Circulatory disturbances 

Inhalation diseases 

Skeletal abnormalities 

Neoplastic diseases 

Postradiation changes . . 

Diseases of blood 

Emphysema, asthma, astlimatic bronchitis 

Systemic diseases 

Indeterminate 

Bronchiectasis 

Indeterminate 


dated with rare systemic diseases such as scleroderma or xanthomatosis weie 
excluded. The only other criterion for selection was whether or not necropsy 
had been perfonned. Most of the instances of indeterminate diagnosis could 
not be included in the detailed study, because of lack of postmortem examina¬ 
tion, or because necropsy had been done elsewliere and the findings were not 
known to us. An attempt was made to select only those cases hi which the 
clinician had been unable to make or suggest a definite diagnosis. 

The eases records of 647 patients were reviewed. For fifteen of these pa¬ 
tients there were adequate clinical data and necropsy material, and the casM 
are reported herein. 


REPORT OP CASES 

Cases 1, 2, and 3. —Infeotious Diseases: Two patients had pathologic evidence of or 
ganized pneumonia. One was a 51-year-old woman post-office worker (Case 1), and the other 
a 11-year-old salesman (Cose 2), both with symptoms of progressive dyspnea, and slight 
cough for four years and fourteen months, respectively. The roentgenograms of the chest 
are shown in Figs, la and Ic, respectively. 
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lUcroacojiically, in cuch can? tliore woro mnrkc«l replottcnicnt of alveolar cxnOato by 
flbroui tiniue and obliteration of alveolar 9 |biccs (Fig. lb). Alveolar ami bronehiul cpltUellal 
hjperplasia, alveolar hyaline membrane (Fig. 1</), nnl genemliioil, moderately bevere vaa- 
calar change conaistlng of thickening of tlie wall of jmlmonnr)' arteriolea, with reduction 
in lite elze of the lumen, were other dndinga. 

Thebo imtlentu suCfonul from gradual repliw-cnient of the functioning pulmonary bed by 
Kor tUsuc. There was no history of an acute inftn-tlous process In Case 1, and the disease 
was not febrile until the lost fow days of life. There bud been no known exposure to 



Fiff. t.—Oraanlxed pocumonltu a (Case 1). HoenlgenoffTaphlc , . . 

(Case ^ bPora ot Colm nnd sheaves of Aewnian are sliown (henmtoxyUn and eosln 
X IW). c rioentcenogniphlc uppc*rsnce- a. Alveolar liyallne membniDe (hematoxylin and 
«oaIn X 195). 
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irritants. No pathogenic organism was recovered during life, and at postmortem axamin,, 
tion no bacteria were found in the lesions. The patliologic picture was one of an orgaim^ 
pneumonia. In the second case there was a history compatible witli a bronchopnoamonia at 
the onset of the illness, which is in contrast to Case 1. 

The third case of infection was that of a 34-year-old salesman with a two-year historv 
of cough, progressive dyspnea, weakness, and loss of weight (Case 3). Necropsy reveaJ 
extensive pulmonary scarring, calcification, and necrosis. All sections contained a funeus 
(Fig. 2). Cultures of the lungs yielded Aspergillus glaums.* ^ 



S (Case 3), I'ung’us (Aspergillus glaucus) in pulmonary exudate (hematoxylin and 

eosin X 860). 


Cases 4, 5, 6, and 7. Neoplastic Disease: There were four cases in which neoplastic 
isease uas found at necropsy. A 28-year-old man (Case 4) had respiratory symptoms for 
two months, and vague abdominal pain for one year. The roentgenogram of the chest is 
s own m Fig. 3o. He died of respiratory failure. A primary adenocarcinoma of the trans¬ 
verse colon was found at postmortem examination. Microscopic sections showed tumor cells 
distending lymphatic vessels throughout all pulmonary lobes (Fig. 3b). There was very little 
fibroblastic proKferation to explain the clinical impression of pulmonary fibrosis. 

A 63 year-old farmer (Case 5) had respiratory complaints for three months (Fig- 3c) 
and vague abdominal distress for sis montlis. The pathologic findings included carcinoma 
of the tail of the pancreas with metastasis to the lungs (Fig. 3d), liver, and right adrenal. 
In this case also there was no fibroblastic proliferation in the parenchyma. 

A 43-year-old housewife (Case 6) had incapacitating dyspnea for nearly three months. 
The roentgenogram of the thorax (Fig. 4a) showed a bilateral indeterminate procc.-is. Post- 
mortem examination revealed a primary carcinoma of the stomach with lymphatic metastasis 

the loan^of^mlcro^plc sectlohi[' of Aspinwall Pa., for the report of necropsy and 
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to the lungs. Thnro was marked replacement of parencliyiua by metastatic carcinoma %Tlth 
flbroDJ stroma (Pig. -lb), in contrast to tho previous cases. 

A 33-year-old man (Case 7) complained of cough, shortnea* of breath, and fever for 
one year. Pathologic examination shornid a lymphoma of tlie Hodgkin's type involving the 
lymph nodes, liver, lungs (Fig. 4o), spleen, adronnls, and bone morrow. 

Cabe 8 ,—DUtaso of the Stood: A 02-year-old fanner had symptoms for only flvo weeks. 
Tho peripheral blood picture was compatible with a diagnosis of aplastic anemia, while the 
roentgenogram of tho thorax revealed a diffuse bilateral inflltmtion in the lungs (Fig. 6o). 



m- _Arphiitullc mallffnant le#lon* In the Innc., o mid b (Ca*e 4). a. lloentceno- 

KTnnhic b iletjUuitlr carcJnonm In u amiUTlyrTphallc ve*»el of lunff (Ireroaloxylln 

SSfl ™in o ’nia d iO.« 5). c. Ko.nt»enoL-™phrc Hppcnrnnce, d. Tumor mM. In 

puinw)nar>' alveoli (Mucin X 551« 
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Microscopically there were multiple focal areas of lymphocytes scattered in the alveolar ^Ynll 3 
throughout both lower lobes (Fig. 51)). 

Cases 9, 10, 11, and 12. — Bronchiectasis: On pathologic examination in four cases there 
were extensive bronchiectasis, chronic bronchitis, patchy organized pneumonia, and varying 
degrees of emphysema and fibrosis (Figs. 5d and Bb). There were three women and one man, 
whose ages ranged from 54 to 68 years. Symptoms of cough, expectoration, and dj’spnea 



Fig. 4.—Metastatic malignant disease of the lung, o and b (Case 6). a. 
graphic appearance, b. Metastatic carcinoma with fibrous stroma (hematoxylin and eosin 
X lO"). 



Fig. 4.—c (Case 7). Invasion of the bronchial wail by lymphoma of the Hodgkin’s type (hema¬ 
toxylin and eoslu X 14). 
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Imd varied, la daratioa from ono to ilx yenrt. Roeutgenograma of the thorax are shown la 
figures 5c, Cc, and Oo. Tiie most pruminont iijTnptom in this group of patients had been 
severe progressive dyspnea, even to the point of respiratory failure. 

It is of interest that none of these patients gave a liistorj* characteristic of bronchiectasis, 
and all were in an older age group. It is presoined that the pathologic findings were on 
the basis of chronic iow-graile infection producing fovere destruction of pulmonary tissue 
and replacement fibrosU. 





Mff. I 
Mthln the 


t E .-0 and I (Ca« 8). a. llo6nt».n.^m ot th, b 

Changes of the alveolar epithelium (hematoxylin and oosin X 
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Cases 13 and ll .—Circulatory Disturbance: One patient in this group presented ana¬ 
tomic evidence of rheumatic heart disease with mitral stenosis (Case 13). This patient was 
a 24-year-old woman student who had symptoms of progressive dyspnea and cough for one 
year. The results of physical examination of the heart were negative except for tachycardia, 
and there were basal pulmonary rales. A roentgenogram of the thorax (Fig. 7a) showed a 
diffuse infiltration in both lower pulmonary fields and pleural effusion. Microscopically the 
lungs revealed a severe degree of chronic passive congestion with marked thickening of the 
alveolar walls, dilated capillaries, and increased number of fibroblasts and reticulum fibers 




Fig 6.—Bronchiectasis, a and 0 (Case 11). « Roenteenoeraphic appearance, b. Bronchiec- 
r(Ca^fl2TRoentK“n'J^Iphfc apVarS^^^ Parenchyma (hematoxylin and eosln X • 
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A CONSIDERATIOX OP SOME OF TUB PROBLEMS IN 
C^VRDIOVASCUL^AR-sraC.BRT __ 

Alfred Ri„u.(In ^AI O. 

Baltiiiore, Md. 

D uring the last several decade.s there has been a progressive increase in 
deaths attributable to cardiovascular disease. It is estimated* that 
per ccut of all deaths in the United States m 1918 were due to disorders of the 
heart and vessels, and that there are at present nine million people in this coun¬ 
try with some tiTte of disqase of the cardiovascular system. As the length of 
life increases, derangements of this system assume added importance. Hyper¬ 
tension, arteriosclerosis, and rheumatic fever make up the great bulk of cardio¬ 
vascular problems, and, tuifortunately, much remains to be learned about the 
etiology as well us the prevention and treatment of these diseases. It is to be 
hoped in the future that appropriate preventive measures will greatly reduce 
the mortality and morbidity of cardiovascular disease in general. Even if this 
hope is realized surgeiy will still have a role to play, particularly in the treat¬ 
ment of the complications of a mechanical natur e. 

Excluding peripheral vascular diseases such as arteriosclerosis, Raynaud’s 
disease, Buerger’s disease, and varicose veins, the major proportion of cardio¬ 
vascular cases now amenable to surgery are of congenital or traumatic origin. 
Trauma, the cradle of surgery, will continue to contribute its quota, even if 
world conflicts should disappear. Preventive measures such as the possible 
elimination of rubella may result in a decrea.se in the incidence of congenital 
heart disease, but the chances are that congenital disordei-s will be of fairly 
frequent occurrence for centuries to come. 

It would be unfair to the field of cardiovascular surgery to judge its future 
potentialities on the basis of present accomplishments, smee this field is ns 
much an advancing one as is that of preventive medicine and that of nonopera- 
tive therapy. For example, a fundamental advance which would solve the 
problem of homotransplantation of tissue would open up great potentialities 
m cardiovascular surgery. 

This lecture is not intended to be an all-inclusive consideration of the sub¬ 
ject. For example, peripheral vascular disease and poi-tal hypertension will 

Prom the Dopartmcnt of Surgery of The John* Hopkin* Unlvorilty and HospltaU 
Preeldentlol Acldrea*. Thirty-flnit Annual Meeting of The ^Uncrlcan Association for 
iaoraclc Surgerj', AtUxntlc City, April 16, 17 and 18. 1951. 
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not be discussed. Greater attention will be devoted to congenital heart disease 
because of the recent advances in this field. I have arbitraiily divided the 
disorders to be considered into three groups: (1) those in the treatment of 
which surgery may bring about good or excellent results, (2) those in which 
surgical treatment may cause moderate improvement, and (3) those in which 
surgical treatment is of doubtful value or is as yet undeveloped. There is a 
justifiable difference of opinion as to the group in which some of the disorders 
should be placed. The main emphasis will be on unsolved problems rather than 
on accomplished facts. 

The conditions will be discussed in the following order; 

I. Disorders in the Treatment of which Surgery may Accomplish Good or Excellent 
Eesults 

A. Acquired Lesions 

1. Constrictive Pericarditis 

2. Wounds of the Heart 

3. Systemic Arteriovenous Fistula 

4. Arterial Aneurysm 

5. Mitral Stenosis 

B. Congenital Lesions 

6 . Patent Ductus Arteriosus 

7. Coarctation of the Aorta 

8 . Pulmonary Stenosis and Atresia 

9. Pulmonary Arteriovenous Fistula 

10. Anomalies of the Aortic Arch 

TT . Disorders in the Treatment of which Surgery may Bring about Moderate Improvement 

A. Acquired Lesions 

11. Essential Hypertension 

B. Congenital Lesions 

12. Transposition of the Aorta and Pulmonary Artery 

13. Anomalies of Venous Eetum 

TTT . Disorders in the Treatment of which Surgery is of Doubtful Value or Suitable Methods 
are not yet Fully Developed 

A. Acquired Lesions 

14. Coronary Arterial Disease 

15. Aortic Valvular Stenosis 

16. Insufficiency of Heart Valves 

17. Intracardiac Tumors 

B. Congenital Lesions 

18. Anomalous Origin of Left Coronary Artery 

19. Auricular Septal Defects. 

20. The Lutembacher Syndrome 

21. Ventricular Septal Defects 

22. The Eisenmenger Complex 

23. Pulmonary Hypertension 

I. DISORDERS IN THE TREAT51ENT OF WHICH SURGERY JIAY ACCOMPLISH GOOD 

OR EXCELLENT RESULTS 

A. Acquired Lesions .— 

1. Constrictive Pericarditis: This is now a well-recognized clinical entity 
which usually presents few difficulties in diagnosis. It is often impossilfie to 
determine the cause. In most such cases it is likely that the tubercle bacillus 
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is the offemler. The use of chemotherapeutic and antibiotic agents in the pre¬ 
vention and control of infections will probably result in a reduction in the inci¬ 
dence of constrictive pericarditis. 

The fundamental surgical problem remains the same as that enunciated by 
Delorme,’ namely, the removal of the scar which is constricting the heart and 
in some cases the great blood vessels. It is necessarj' to remove the scar over- 
lying the epicardium ns well ns that which lines the pericardium. 

Prior to the discovery of streptomycin and similar antibiotic agents, it was 
held that patients \yith tuberculous constrictive pericarditis should not be 
operated upon untO the process became inactive. One of the reasons for this 
viewpoint was that operation subjected the patient to the dangers of a systemic 
as well as a localised spread of the disease. A second reason given was that it 
is extremely difficult to remove the shaggy exudate that is present in the sub¬ 
acute stage. It is the opinion of Holman’ that antibiotic therapy may now 
allow one to operate with safety during the earlier stages of the disease. Cer- 
taudy these agents will les.sen the chances of spread of the disease, and pos¬ 
sibly it wll not be necessary to remove the tuberculous granulation tissue 
covering the surface of the heart. No one has yet had sufficient experience 
'vith the combined use of surgery and antibiotic therapy in the treatment of 
active tuberculous pericarditis to give an authoritative answer. 

The types of incision that may be employed in decortication of tlie heart 
include a parasternal one witli resection of costal cartilages, a median sternot¬ 
omy,'and an intercostal transpleural approach. At the present time I prefer 
the latter incision for it gives more adequate exposure than the others. A long 
left anterolateral incision is made overlying the fourth inteispaco, and the 
fourth and fifth costal cartilages are divided at their sternal attachments. 
Through this incision one can expose and decorticate both the left and the right 
side of the heart, including the superior and inferior vena cava. It makes little 
difference if the right pleura is torn, provided one recoguires the condition 
and maintains inflation of tlie huig. Recent experience has 3ho\vn that tliorougli 
decortication usually causes a jirompt decline in the venous pressure and gen¬ 
eral improvement of the patient. Our rcsidts with this incision arc much bet¬ 
ter than those obtained when a parasternal extrapleural incision was used. 

2. Wounds of the Heart: As has been true of developments in many fields 
of surgery, the treatment of wounds of the heart and blood vessels was the 
springboard for further advances in cardiovascular disorders. It is generally 
agreed that wounds of the heart should bo operated upon if there is continuing 
bleeding to the outside or into the pleural cavity. Fortunately, various ad¬ 
vances in surgery, including improvements in anesthesia, have decreased tho 
niortality rate when operation is necessary. There is some difference of opinion 
how the patient -with uncomplicated acute cardiac tamponade without con¬ 
tinuing bleeding should be treated. Dr. Rnvitch and 1* arc of tho opinion 
that open operation should be deferred until the effects of at least ono Jicri- 
Cardial aspiration have been determined. It has been our expcrienco that tho 
majority of patients will respond favorably to one or more aspirations, that.. 


546 


THE journal op THORACIC SURGERY 


bleeding into the pericardial cavity will not recur, and that an open operation 
•will not be necessary. Elkin and Campbell® have recently reported on the effec¬ 
tiveness of aspiration in the treatment of cardiac tamponade. 

3. Systemic Arteriove7ious Fishila: The majority of such fistulae are trau¬ 
matic in origin, and hence are considered in this gi-oup. The diagnosis and the 
treatment of traumatic systemic periphei’al arteriovenous fistula are clear-cut. 
The mortality in the many patients operated upon during World War II was 
amazingly lo'w. It is generally agreed that the best treatment consists of eradi¬ 
cation of the fistula with repair of the openings in the artery and vein, and that 
the second method of choice is quadruple ligation of the artery and vein with 
excision of the fistula provided the continuity of the artery can be interrupted 
without the loss of distal parts. There is some difference of opinion as to the 
choice of time of operation. If tlie artery involved is one which can be spared 
if necessary, one may operate as soon as the fistula is discovered. If sacrifice 
of the involved artery would subject its part to the danger of gangrene, an 
interval of a few weeks should be allowed to elapse following the injury in order 
to permit the fuidher development of collaterals. 

Most of the congenital peripheral arteriovenous fistulae involve bone, and 
here the problem of treatment may be an exceedingly difficult one. If the bony 
involvement is limited,® one may excise the segment with or without replace¬ 
ment with a graft. Unfortxinately, however, the lesions are i;sually extensive, 
and multiple amputation may be necessary. 

The subject of intracranial arteriovenous fistulae is a difficult one with 
many unsolved problems and wll not be discussed. 

4. Artenal Aneurys^n: With better control of syphilis, the incidence of 
aneurysms should lessen. On the other hand, there will probably be an increase 
in those due to arteriosclerosis unless preventive and therapeutic measures 
decrease the incidence of this disease. Unfortunately, the arteriosclerotic 
process is usually not limited to the aneurysni itself, and this fact renders it 
important in surgical treatment to interfere as little as possible mth the blood 
supply of parts distal to the aneurysm. The Matas endoaneuiysmorrhaphy, 
the ■ndring procedure as used by Finney and others and further advanced by 
Blakemore, and the placing of irritating cellophane around the sac have in 
common the advantage that they need not interfere unduly with the collateral 
arterial pathways around the aneurysm. This is particularly true of the Avir- 
ing procedure. Blakemore^ now treats some aneuiysms by constricting the 
artery proximal and distal to the aneurysm Avith polythene tape, thereby 
reducing the pulse pressure, and by heating Avire introduced into the sac. 
The relief of pain and the abolition of respiratory difficulty that may folloAV 
the Aviring of a thoracic aneurysm is a dramatic accomplishment. If the 
results that are being obtained by Gross® and others on the homotransplanta¬ 
tion of aortic grafts continue to be encoui-aging, it is likely that the procedure 
can be used in conjunction Avith excision of the aneurysmal sac Avhen the 
neighboring segments of aorta are not grossly diseased. Lam® has inserted an 
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aortic graft \vlthout excision of the snc. The develoiiment and use of im¬ 
proved plastic materials may be helpful in the treatment of aneurysms. 

5. Mitral Stenosis: It may seem unduly optimistic to place this disorder 
in this group, but I do so because of the surprisingly good early results that 
are being obtained at present. Most ea.scs of mitral stenosis are due to rheu¬ 
matic fever, and it is probable that great advances will be made in the pre¬ 
vention or treatment of rheumatic infectious. Even without further advances, 
it is likely that the use of antibiotic and other agents which ore available nill 
reduce the repeated attacks of infection and thereby lessen the incidence of 
mitral stenosis. On the other hand, many attacks of acute rheiunatic fever are 
unsuspected or undiagnosed and the later development of some chronic dis¬ 
order may give the first unmistakable clue to an earlier attack of an acute 
infection. For this reason it is likel.v that there will continue to be a moderate 
number of cases of mitral stenoHis despite preventive and therapeutic advances. 

Following the discouraging attempts'"-" which were made to treat mitral 
stenosis by surgical methods in the third decade of the present century, it is 
largely to the credit of the late Horace Smith.v," Bailey,", and Harken" that 
the problem was revived several years ago. In view of the present encourag¬ 
ing results, in some of which the procedure consists of dilation of the stenotic 
valve ivith the finger, it is difficult to understand why the successful use of 
this method by Souttar'* in 1925 did not stimulate greater interest at the time. 
MTiereoa Cutler and his associates believed that a segment of the stenotic valve 
should be removed, and a similar view was held by Smithy, both Bailey and 
Harken are of the opinion that dilation of the valve and dit-ision or tearing 
of the commissures produce an opening of adequate size and that mitral 
insufficiency does not result. Both Bailey and Harken prefer an approach 
through the left auricular appendage as was advocated by Allen and Graham, 
and there is no doubt that this is preferable to that through the left ventricle. 
Bailey employs a knife which is attached to the index finger for division of 
the commissure region. Harken attempts to fracture or tear the commissure 
region -with the index finger, and if this fails he divides it with a knif e. It is 
our experience that in most of the cases one or both of the commissure regions 
can be torn -with the index finger and that the use of a knife is generally 
unnecessary. Bailey does not favor the making of much pressure \vith the 
finger because of fear of tearing one of the valve leaflets, tVe have not ns yet 
had the unfortunate experience of tearing one of these. It should be empha- 
razed that it is not always possible to tear the commissure region and that one 
should have a proper cutting instrument available. 

The early results that are being obtained in the treatment of mitral steno¬ 
sis by direct attack on the valve are surprisingly good. The subjective im¬ 
provement of the patient is usually greater than the alteration in the measur¬ 
able dynamics of the circulation. It is too early as yet to know what the long 
term results wll be, but even the improvements of the duration that have been 
reeorded to date justify the operation. Subsequent observations may show 
that there i.s a gradual reformation of the stenosis. If such is the case, it may 
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be achdsable to i-emove a segment of the valve, the plan of attack which was 
used by Cutler, CTi-aham, Smithy and their associates. Since there are still 
unsolved problems, it is important that efforts to produce mitral stenosis in 
experimental animals be continued. 

In addition to recent progress in the direct attack on the stenotic mitral 
valve, efforts have been made to prevent bouts of pulmonary edema in this 
condition by the anastomosis of systemic and pulmonary veins as performed 
by Sweet'® or the making of an interauricular defect as advised by Harken.” 
It is obvious that these shunting procedures should not be used if there is a 
very tight stenosis, indicated by small left ventricular output and inability 
to increase it -svith exercise, for a further reduction in output caused by the 
shunt -win not be tolerated. There are probably some eases in which some 
such procediu’e 'ivill be helpful, but in general it would appear that the surgi¬ 
cal treatment of mitral stenosis should consist of a direct attack on the stenotic 
area itself. 

Much probably remains to be learned about the choice of patients in whom 
a direct attack on the mitral valve is indicated. According to Andrus, Avith 
whom I have been associated in this work, the indications for a direct attack 
on the stenotic mitral valve are as follows: Symptoms and signs of pulmonary 
engorgement—dyspnea and cough on exertion, paroxysmal dyspnea, pulmo- 
naiy edema, or frank hemoptysis. The most promising eases are those "with¬ 
out enlargement of the left ventricle or prominent enlargement of the left 
auricle; usually these are signs that mitral insufficiency contributes signifi¬ 
cantly to the patient’s disability. In general, there should be predominantly 
a stenosis, although a small degree of insufficiency is not a contraindication to 
commissurotomy. If one uses fairly rigid criteria in the selection of patients, 
the mortality associated with operation is fairly low. One of the twenty-five 
patients upon whom we performed a commissurotomy died postoperatively. 
An additional patient who was found at exploratory thoracotomy to have an 
obliterated auricular appendage, no commissurotomy being performed, suc¬ 
cumbed subsequently from a cerebral embolus. 

B. Congenital Lesions .— 

6. Patent Ductus Arteriosus: Although a procedure for the correction of 
patent ductus arteriosus had been suggested many year’s previously by IMunro'® 
and had been attempted bj'" Strieder,'® it is to the everlasting credit of Gross-® 
that he was the first to close a patent ductus successfully. The typical case is 
not difficult to diagnose, and technical procedures are available for obtaining 
a permanent closure of the ductus Avith a low mortality. In view of these 
facts, and because of the dangers of alloAving a ductus to remain patent, it is 
my belief that operation is indicated for all children beyond trvo or three 
years of age who have an obMously patent ductus arteriosus. HoAvever, it is 
often difficult to be certain of the diagnosis in infants. Furthermore, Dam- 
mann-' and Keith*- have recently called attention to the fact that some pa¬ 
tients Avith a Amry large patent ductus and associated pulmonary hypertension 
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may not have a typical mnchinery-likc murmur. In some of these patients the 
presence of a large patent ductus has been conflrmed by thoracotomy. There 
is some difference of opinion whether one should divide the ductus and close 
the two ends as preferred by Gross’’ and others, or whether one should close 
the undivided ductus by the use of multiple sutiwe ligatures placed ns far 
apart ns possible. My associates and I prefer the multiple suture technique’* 
because it seems to us that it is easier mid safer. The desideratum is perma¬ 
nent closure of the ductus, and we are aware of only one instance of recanali- 
lation in the appro-vimately 300 patients in whom we have used this method.” 
The exception was a child of five who had a ductus which measured 16 mm. in 
diameter. 

'Whereas the operation for closure of a patent ductus is not a very danger¬ 
ous one in most children and young adults, the procedure becomes more diffi¬ 
cult and dangerous in the older age groups. Pulmonary hypertension irith 
disease of the walls of the pulmonary artery and ductus increases the likeli¬ 
hood of uncontrollable bleeding from these structures. In the older patients 
ivith an enlarged heart and pulmonary hypertension we use a long postero¬ 
lateral incision instead of the anterolateral incision which is preferred in the 
less oomplioated cases. In the occasional patient with extreme pnlmonarj' 
hypertension in association with a patent ductus there is some flow of blood 
from the pulmonary artery to the aorta. This reverse flow of blood is par¬ 
ticularly apt to occur if the patent ductus is attached to the aorta distal to ? 
coarctation of the aorta. Closure' of the ductus is especially dangerous in 
patients mth severe pulmonary hypertension and a reversal of flow through 
the ductus. In addition to the hazards of hemorrhage, there is the possibility 
that closure of the ductus ^vill result in a sudden increase in the diastolic 
volume of the right ventricle and undue distention of that chamber. 

Now that the diagnosis of the patent ductus con be made in most instances 
^vith accuracy and the operative technique is perfected, it is to be hoped that 
the condition rvill be recognized and treated in childhood and that in the future 
fewer cases will be encountered in adults. 

An aortic septal defect providing a conununication between the aorta and 
the pulmonary artery may give signs and symptoms similar to those of the 
usual patent ductus. A small aortic septal defect may be closed by existing 
techniques, but the large one extending to the base of the heart presents 
problems that have not been satisfactorily solved. 

7. Coarctation of tlie Aorta: Portimately there is usually no difflcnlty in 
the diagnosis of coarctation of the aorta. If there is any reason to suspect tliat 
the coarctation is at an unusual site, angiocardiography or aortography should 
be used in demonstrating the lesion. It is not necessary to use these radio¬ 
logical methods in the majority of cases. 

The proper treatment of the adult type of coarctation, the common form 
in which the constricted segment is short, is essentially that which was first 
employed successfully by Crafoord,” and consists of excision of the stenotic 
or atretic segment and an end-to-end anastomosis of the aorta. It is desirtuble 
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to preserve the dilated intercostal arteries. There is some difference of opinion 
as to the type of sntnre that should be used in making the anastomosis. We 
usually employ a continuous everting suture of silk which is interrupted at 
several points. An overhand noneverting suture also gives satisfactory results. 
Interrupted sutiu-es probably cause the least disturbance of growth of the 
anastomotic site and should be used in young children. Several recent experi¬ 
mental studies indicate that the size of the lumen at the site of the anastomosis 
increases somewhat ivith the groudh of the subject even though a continuous 
suture is used. This brings up the question as to the age period in Avhich 
the operation should be performed. I think the ideal period is from six to 
fifteen years of age. Complications in connection Avith coarctation rarely 
oecur before the age of six, although in one of our patients hemiplegia de¬ 
veloped at the age of tAVo years. The aorta of a child of six is usually of 
suffieient size to provide a good lumen folloAving anastomosis even though 
subsequent groAvth of this site may not be great. The employment of inter¬ 
rupted sutures aacII increase the likelihood of groAvth. I have no strong con¬ 
victions as to the upper age limit at Avhieh operation should be advised. We 
have operated upon a number of patients in their thirties and one in the early 
forties AAuth good results. On the other hand, I am inclined to think that a 
patient past forty Avho has no sei’ious symptoms or complieations save for the 
hypertension accompanying the coarctation should not be operated upon. 

The treatment of the infantile type of coarctation in which the constricted 
segment is long presents a more difficult problem. The same may be said for 
the occasional case of the adidt type Avhen the proximal or distal segment is 
hypoplastic for a short distance. I think a good result Avill be obtained in 
most cases by the use of the left subclavian artery-^ to bridge the narroAved 
segment if the procedure is performed properly. This means that the con¬ 
stricted segment shoidd be excised in toto, and the proximal end of the aortic 
segment should be closed Avith an ai-teiial suture; the left subclavian artery 
should be cut across proximal to its initial branching, and should then be 
rotated doAAoiwards in such manner that there is no sharp tAvisting or angula¬ 
tion, and its end should be anastomosed to the distal end of the aorta. If one 
performs the operation AAuthout remoAung the constricted aortic segment and 
closing the proximal end of the aorta and Avithout proper rotation of the sub- 
claAian, a good straight channel for the floAv of blood is not obtained. Usually 
the subclavian artery is almost as large as the distal aorta, and there is little 
difficidty in performing a good union. The other alternative is the employ¬ 
ment of a homograft of aorta as used by Gross® to replace the constricted seg¬ 
ment of the aorta. The early results in the experience of Gross have been 
amazingly good. It is too early as yet to know hoAv the homograft AAill 
Aveather the passing of time. The chances are that it is replaced by the re¬ 
cipient’s OAAm tissues. Disadvantages of this procedure are that it is difficult 
to obtain proper grafts and that tAvo arterial anastomoses have to be per¬ 
formed. The severe constriction of the aorta that is present in the infantile 
type of coarctation should usually be discovered in childhood, and the use of 
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cither the traiiaposed subclavian iirtcry as a substitute for the segment or the 
emplojunent of liomografLs should give fair results. Unfortunately, the steno¬ 
sis may be proximal to the origin of the left subclavian artery and may be 
associated with other congenital defects. 

The question remains unsettled why .some patients who are operated u])on 
for the relief of coarctation do not have the desired decline in blood pressure. 
Fortmintely, this is the e.xeeption rather than the rule. Among the possi¬ 
bilities is the fact that even after operation the aortic lumen in some patients 
is still not ns large ns it should be. This Ls particularly likely to be the case 
when the lumen of the proximal aortic segment is smaller than normal. An¬ 
other possibility, if the kidney is involved in this type of hjqjertension, is that 
renal changes may persist after operation. Still another pos.sibility is that 
irreversible alterations in the arterioles may have occurred in connection mth 
the hypertension. I think that the number of disappointing results will de¬ 
crease as additional experience is gained by the performance of larger and 
more perfect anastomose.s. We are fairly well pleased with the re.sults of 
operations on 104 patients with coarctation. 

8. Pulmonary Stenosis and Atresia: The most frequent example of this 
tiTJC is the tj^pical tetralogy of Fallot.” Other tj^pcs of malformations which 
rosy ho associated with pulmonary stenosis or atresia include tricuspid atresia, 
single ventricle, pseudotrunous artcriosim, dextrocardia or dextrorotation of the 
heart, situs inversus visccnim with lovorotation, and valvular pulmonary steno¬ 
sis with intact ventricular septum. 

The typical case of tetralogy of Fallot presents few difSeulties in diagnosis. 
There is need for more accurate appraisal of the degree of overriding of the 
sorts, the length of the infundibular stenosis, and the size of the infundibular 
chamber since this information may alter treatment, as ivill be discussed later. 
Patients -with excessive dextroposition of the aorta may not do well foUowdng 
the creation of an artiflcial ductus. With the increase in the blood flow to the 
iimgs there will obviously be an increase in the amount of blood returning to 
the left side of the heart. Since in cases of extreme de.xtroijositiou the aorta 
receives blood mainly from the right ventricle unless the interventricular 
defect is large, the left ventricle may be unable to empty itself properly and 
pulmonary engorgemeut and edema may develop. One possible means whereby 
the degree of overriding might be deterudiied more accurately is by the injec¬ 
tion of radiopaque material through a catheter placed in the right ventricle 
end the taking of repeated roentgenograms. The possible value of this pro- 
cedure -vvill be determined only by multiple trials. If an extreme degree of 
overriding were proved to be present, one would certainly not wish to create 
a large artiflcial ductus. Perhaps some day a safe means will be available for 
'acreasing the size of the interventricular defect. This could be done at the 
same time that the ductus is made. 

It is largely as a result of the observations of Brock” that the efforts 
toward a direct attack on infundibular stenosis rather than the creation of an 
artiflcial ductus have been stimulated. The direct attack is preferable to the 
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anastomotic procedure, on theoretical grounds at least, because it reduces the 
shunt through the interventi'icular defect at the same time that it increases the 
pulmonary flow, and it does not add another anomaly to those already present. 

Some idea as to the size of the infundibular chamber and the length of the 
stenosis may be obtained by angiocardiography. The information might be 
more exact if the diodrast were injected through a catheter introduced into 
the right ventricle. In addition to the information gained in preoperative 
studies, one can obtain some idea as to the size of the infundibular chamber by 
exposing this region at the time of operation. There are certainly many cases 
of the tetralogy of Fallot in which there is a long infundibular stenosis and in 
which a direct attack on the stenosis is not feasible. There are probably a 
moderate number of cases mth a short diaphragm-like zone of stenosis and a 
large infundibular chamber in which a direct attack is possible. As indicated 
prevuously, there is need for more accurate means for determining the exact 
condition of the lesion. In some patients with a short infundibular stenosis it 
is not difficult to introduce dilating and cutting instruments through an in¬ 
cision in the right ventricular wall and through the stenotic area, as we have 
done in a few cases following the lead of Brock. It is much more difficult and 
dangerous to excise part of the stenotic area as performed by Brock^® and 
Glover,®^ and others. Technical improvements are needed in this respect. 
Furthermore, the question remains unsolved whether such a stenotic area in 
the heart muscle which is treated by dilation and incision or excision ■will 
subsequently reform. It is my opinion that improvements in accuracy of ana¬ 
tomic diagnosis and in the technique of intracardiac procedm-es ■will result in 
an increasing number of direct attacks on infundibular stenosis. At the same 
time Dr. Taussig and I believe that the majority of these patients will have 
to be treated by the creation of an artificial ductus. Certainly this latter pro¬ 
cedure rather than a direct attack offers hope of improving the patient Avith 
pulmonary atresia. In this connection it should be mentioned that simple 
exploratoiy thoracotomy Avith the subsequent formation of adhesions and the 
resulting additional collateral blood supply to the lungs seems to improve the 
condition of some patients in Avhom the pulmonary artery is not of suitable 
size for an anastomosis. The number of collateral channels is probably in¬ 
creased by remoAung the parietal pleura as recommended by Barrett.®^ 

The techniques that are aAmilable for the creation of an ai’tificial ductus 
are Avell developed, and the results are amazingly good in the typical tetralogy 
of Fallot. Dr. Taussig^^ is of the opinion that the occasional patient Avho does 
not do well foUoAving a satisfactory anastomosis does not have an uncompli¬ 
cated tetralogy of Fallot. We pei’form an end-to-side, an end-to-end or a side- 
to-side anastomosis betAveen a systemic and a pulmonary artery, the choice 
depending upon the age and size of the patient and the observations at the 
time of operation. This choice has been considered in detail in a previous 
publication.®* In the 20 odd per cent of patients in Avhom the aorta descends 
on the right, the incision is almost invariably made on the left, and an anas¬ 
tomosis performed betrween the left subclavian and the left pulmonary artery. 
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In patients in whoni the aorta descends on the left, the incision is usually 
made on the left in infants, in adolescents, and in adults, and it is usually 
made on the right in children behvecn the ages of two and twelve years. In 
patients in whom there is considerable doubt as to the diagnosis, for example 
when valvular pulmonic stenosis is suspected, the incision is made on the left 
in order that one may e.xamine the structures at the base of the heart. iVhen 
the incision is made on the left in the presence of a left descending aorta, the 
left subclavian artery is used for the anastomosis if it is of adequate size and 
length; otherwise the aortic side-to-side anastomosis ns devised by Potts’* is 
employed. We do not hesitate to use an end-to-end anastomosis between the 
subclavian artery and the divided distal end of one of the pulmonary arteries 
if the pulmonary artery is unusually small or if the condition of the patient 
is poor and one wishes to perform the procedure speedily and without traction 
on the mediastinum. Dr. Taussig and I consider the optimal time for opera¬ 
tion to be between the ages of five and ten years. A second operation at a 
later period is less apt to be necessary if the ehUd has reached the age of five 
or more, before the initial operation is perfonned. Unfortunately, the con¬ 
dition of many infanta and young children is such that earlier operation is 
required. The general philosophy of Dr. Taussig’s cardiac clinic Is, "The 
sicker the sooner.” 

The results of the creation of an artificial ductus in the treatment of pul¬ 
monary stenosis or atresia are not so good when there are associated malfor¬ 
mations such as tricuspid atresia, single ventriele, dextroeardia or dextro¬ 
rotation, or situs inversus with levorotation, as they are in the typical uncom¬ 
plicated tetralogy. Tricuspid atresia Ls usually associated with a diminutive 
or absent right ventricle and some abnormality of the pubnonary orifice. 
Some patients with this condition are improved by the creation of an artificial 
ductus. Others do poorly, due in part at least to a resulting increase in strain 
on the left ventricle in the absence of an interventricular defect. Patients 
with tricuspid atresia and with only a small opening between the two auricles 
may he improved by the creation of a large interauricular defect. If one 
employs the method which Ilanlon and I” devised for this purpose, one has to 
he very careful during the procedure not to occlude entirely the existing com¬ 
munication between the two auricles for more than a few seconds. Patients 
ivith a single ventricle respond very poorly to the creation of an artificial 
ductus, and the operation should not be advised if the diagnosis can be made 
and if the patient is getting along moderately well Patients vvith de.xtro- 
cardia, or dextrorotation of the heart, or situs inversus viscerum with levo- 
cardia are likely to have a variet.v of malformations and are likely to respond 
unfavorably to the creation of an artificial ductus.*' 

Valvular pulmonary stenosis with or without a conmiunication between the 
two auricles and with an intact ventricular septum occurs approximately 10 per 
cent as often os tlie tetralogy of Fallot. The work of Brock,” of Sellors,” and 
of otliers has added materially to the diagnosis and treatment of this condition. 
Cyanosis is present in about 70 per cent of the cases and is due to a right to left 
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anastomotic procedure, on theoretical grounds at least, because it reduces the 
shunt through the interventricular defect at the same time that it increases the 
pulmonary flow, and it does not add another anomaly to those already present. 

Some idea as to the size of the infundibular chamber and the length of the 
stenosis may be obtained by angiocardiography. The information might be 
more exact if the diodrast were injected through a catheter introduced into 
the right ventricle. In addition to the information gained in preoperative 
studies, one can obtain some idea as to the size of the infundibular chamber by 
exposing this region at the time of operation. There are certainly many cases 
of the tetralogy of Fallot in which there is a long infundibular stenosis and in 
which a direct attack on the stenosis is not feasible. There are probably a 
moderate number of cases with a short diaphragm-like zone of stenosis and a 
large infundibular chamber in which a direct attack is possible. As indicated 
previously, there is need for more aecurate means for determining the exact 
condition of the lesion. In some patients with a short infundibular stenosis it 
is not diffieult to introduce dilating and cutting instruments through an in¬ 
cision in the right ventricular wall and through the stenotic area, as we have 
done in a few cases following the lead of Brock. It is much more difficult and 
dangerous to excise part of the stenotic area as performed by Brock^“ and 
Glover,^' and others. Technical improvements are needed in this respect. 
Furthermore, the question remains unsolved whether such a stenotic area in 
the heart muscle which is treated by dilation and incision or excision will 
subsequently reform. It is my opinion that improvements in accuracy of ana¬ 
tomic diagnosis and in the technique of intracardiac procedures will result in 
an increasing number of direct attacks on infiuidibular stenosis. At the same 
time Dr. Taussig and I believe that the majority of these patients wll have 
to be treated by the creation of an artificial ductus. Certainly this latter pro¬ 
cedure rather than a direct attack offers hope of improving the patient ■with 
pulmonary atresia. In this connection it should be mentioned that simple 
exploratory thoracotomy ■with the subsequent formation of adhesions and the 
resulting additional collateral blood supply to the lungs seems to improve the 
condition of some patients in whom the pulmonary artery is not of suitable 
size for an anastomosis. The number of collateral channels is probably in¬ 
creased by remo^’ing the parietal pleura as recommended by Barrett.^^ 

The techniques that are available for the creation of an artificial ductus 
are well developed, and the results are amazingly good in the typical tetralogy 
of Fallot. Dr. Taussig®^ is of the opinion that the occasional patient who does 
not do well following a satisfactory anastomosis does not have an uncompli¬ 
cated tetralogy of Fallot. We perform an end-to-side, an end-to-end or a side- 
to-side anastomosis between a systemic and a pulmonary arteiy, the choice 
depending upon the age and size of the patient and the observations at the 
time of operation. This choice has been considered in detail in a previous 
publication.^" In the 20 odd per cent of patients in whom the aorta descends 
on the right, the incision is almost invariably made on the left, and an anas¬ 
tomosis performed between the left subcla'vian and the left pulmonary aitery. 



BLALOCK: CAHDIOV^VSCDLAB SUROEBY 


555 


pulinomc stenosis is only moderately thickened, and I believe that incision and 
dilation will result in a permanent increase iti the size of the opening. It 
appears likely that endotheliiuu grows over the incised area and that the open¬ 
ing remains patent. If such should prove not to be the ease, it rvill be ad¬ 
visable to remove part of the valve as has been performed by Varco.“ No Ul 
effects attributable to pulmonary insufficiency have been observed in any of 
our patients subjected to pulmonary valvulotomy, and it would seem that 
patients should rvithstand removal of part of the valve without Ul effects. 

9. Pulmonary Arteriovenous Fistula: This condition is being diagnosed 
rvith increased frequency and should be suspected in cyanotic patients in whom 
there is no evidence of disease of the heart itself. In doubtful cases, angiocardi¬ 
ography is helpful in diagnosis. Evidence of abnormal communications between 
pulmonary arteries and veins may be late in developing. Uufortunatcl.y, the 
communications are usually multiple and parts of both lungs may be affected. 
Treatment consists of c-xcision of the diseased areas; in some instances a wedge- 
shaped resection mil suffice. If a lobe is extensively involved it should be re¬ 
moved. One should not, however, remove an entire lung unless there are no 
normal segments present for fear that evidence of abnonnal arteriovenous com¬ 
munications trill subsequently appear in the remaining lung. One of the most 
dramatic results which I have vritnessed in surgery followed the removal of a 
lobe of the lung containing mtdtiple arteriovenous communications from a 28- 
year-old woman. Total incapacity was replaced by perfect health. The satura¬ 
tion of the arterial blood with o.xygen is now normal and there has been a gain 
of 36 pounds in weight. 

10. Anomalies of the Aortic Arch: Anomalies of the aortic arch and its 
major branches occur fretiuently in patients with congenital heart disease, but 
ouly a few of these in themselves cause any difficulty. A small proportion of 
these anomalies interfere with breathing or swallowing or both due to pressure 
on the tracliea and esophagua This difficulty is particularly likely to be present 
if tlierc is a bifid aorta, although the same s.vmptoms ma.v be caused occasionally 
by a rotro-esophagoal artery such as an aberrant subclarian. Neuhauser'' has 
made important contributions to the diagnosis of this condition. Gross” and 
others have shown that the treatment consists of the di\Taion of the offending 
blood vessel. In the case of the bifid aorta, the smaller of the two arches should 
be divided and the two ends closed. The most interesting patient with a bifid 
aorta in our e.xperience is a boy who had tetralogy of Pallot as well. Treatment 
consisted of division of the smaller arch and an anastomosis of its distal end to 
tlio left pulmonary artery. In general, surgical treatment of anomalies of the 
arch is satisfactory. 

n. DISORnEBS IK THE TREATWKNT OF WHICH SOROEEY IIAY DRIXa ABOIIT 
irODEILVTE IJIPROVEilENT 

-1. -Icquircd Lesions .— 

11. E.ssentinl Hypertension: AVhereas there is a high percentage of good 
results in the treatment of hypertension associated with coarctation of the 
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shunt through a patent foramen ovale or an auricular septal defect. The pooling 
of diodi-ast as obseiYed on angiocardiography in the pulmonary artery distal to 
the valvular stenosis is an important clue in diagnosis. The pressure in the right 
ventricle is significantly elevated and may exceed that in tlie left ventricle. 
Bing recorded a right ventricular pressure of 223 mm. Hg in one of our patients. 
The conditions observed at the time of operation are characteristic. There is 
definite right ventricular hypertrophy, usually a poststenotic dilatation of the 
pulmonarj" artery, a jet of blood can be felt striking the wall of the pidmonaiy 
artery, and usually the dome-shaped pulmonary valve can be palpated. Patients 
vdth valvular pulmonary stenosis are not improved by the creation of an arti¬ 
ficial ductus. It is true that cyanosis if present is lessened, but these patients 
subsequently have right-sided heart failure. 

We have followed essentially the technique of Brock in treating valvular 
pulmonary stenosis.®® The approach is through an incision in the right ven¬ 
tricle, and the valve is cut and dilated. The Brock flat valvulotome with a 
probelike end and two sharp cutting edges is a very satisfactory instrument. 
Even so, the umbrellalike insti'uments recently developed by Potts present some 
advantages. In general we have been greatly pleased with the results obtained 
but a number of questions are as yet unans^vered. Among these are the fol¬ 
lowing: (1) AVhy is it that the blood pressure usually declines and the heart 
may fail shortly after opening the ehest and exposing the heart? (2) Why is 
it that the pressure in the right ventricle may not fall to normal following 
division and dilation of the valve and in the presence of definite improvement 
in the condition of the patient? (3) Should operation be advised prior to the 
development of great incapacity and of right ventricular hypertrophy and 
dilatation? (4) Will extreme right ventricular hypertrophy, once developed, 
ever disappear entirely following opex'ation? (5) Should the stenotic valve 
simply be incised and dilated as is done at present, or should a segment of the 
valve be excised? (6) When the valve is incised and dilated, do the incisions 
in the leaflets remain open or do they partially gimw back together ? 

A longer postoperative follow-up of the patients and a repetition of the 
studies will probable supply an answer to some of the aboye jju^estions. It is 
known that patients 'with great enlargement of the heart are those in whom 
difficulty is most likely to be encountered during the operation, and I believe 
that patients should be operated upon in advance of this enlargement if the 
condition is diagnosed. It has been observed in some of our patients that the 
size of the right side of the heart has decreased postoperatively, but this may 
be due to a disappearance of the dilatation rather than to a regression of the 
hypertrophy. The finding of Dr. Bing^“ that the pressure in the right ventricle 
usually does not fall to normal in the first few months after operation may he 
explained on the basis of inadequate division and dilation of the valve or pos¬ 
sibly on the basis of partial obstruction at the pulmonary orifice by the great y 
hypertrophied right ventricular muscle. I have already commented on tie 
fact that patients show decided improvement postoperatively despite the per¬ 
sistence of some right ventificular hypertension. The valve in congenita 
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heart and lung. Even if tliis proves to be feasilile ultimately, there is still the 
problem that the coronary arteries could not he trniujposed and that they 
^rould continue to receive venous blood from the right ventricle. Almost cer¬ 
tainly the oxygen content of this blood would be higher than before the posi¬ 
tions of the aorta and pulmonarj' artery were corrected, and it is possible that 
it would suffice for the nourishment of the myocardium. On the other hand, 
it is known that infants with an anomalous origin of coronary arteries from 
the pulmonary artery usually do poorly. However, the pulmonary arterial 
pressure in these patients is low whereas it is high in tho.se with transposition. 
Even if it becomes technically feasible to correct the position of the aorta and 
the pulmonai’y artery except for their orifices, and even if the myocardium 
should receive adequate oxygen from venous blood, there still remains the 
problem of the pulmonary hypertension. It is possible but not at all certain 
that it would disappear after correction of the position of the great arteries. 

Since one could not alter the position of the eoronar 3 ' arteries even if one 
were able to correct the positions of the aorta and the pulmonary artery, per- 
haxjs the ideal would be the development of methods whereby the systemic and 
pvdmnnary veins could be traasposed, Ica\'iug the aorta and the pulmonary 
artery in their transposed positions. If total transposition of the venous return 
could be accomplished successfully it would probaldy result in great improve¬ 
ment in the condition of the patient The coronary arteiies woidd receive 
arterial blood, aud one’s greatest concern would be with what would happen 
to the pulnionaiy hyperteusion. Unfortuuately, an experimental complete 
transposition of the systemic and pulmonary veuis is difficult if not impossible 
with existing techniques. BroTO and I*' have accomplished in the e.\peri- 
ineutal animal a transposition of the pulmonaiy venous return, but this re¬ 
quired the removal of most of the left lung and the making of a large inter- 
auricular defect. jVnastomoses of veins to the auricular appendage or auricle 
are very likely to become occluded. Anatomic relationships add to the diffi¬ 
culties of producing comidete transposition of veins, such as, for e.xample, the 
fact that the inferior vena cava is some distance fi'om the left auricular ap¬ 
pendage. Transposition of some of the pulmonary veins can be produced with¬ 
out too much difficulty, and we used this method to a limite<l extent in our 
early efforts to treat ti'anspositiou iu patient.s. Unfortunately imtionts with 
transposition of the great arteries tolerate a partial alteration in venous return 
very poorly since it causes nil imbalance between the two sides of the heart. 
The situation is totally different from that existing in the normal heart where 
the blood leaves from one side and returns to the other. 

iVfter this lengthy discussion it should be repeated that our best re.sults 
iu the treatment of trnnspo.sition of the aorta and pulmonary artery have fol¬ 
lowed the creation of a large intoraurieulnr defect. We are encouraged but 
are not satisfied ivith the results and better methods .should be derised. 

13. AnomaUes of Venous Return; These aiioiiialies may occur in either the 
pulmonary or the systemic circulation. In other words, some or all of the ])ul- 
Iiicmary veins may empt}^ into the right auricle or into veins that drain into the 
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right auricle, and paid or all of the blood returuiug through the venae cavae 
may empty into the left auricle. 

If all the pulmonary veims drain into the right auricle or its tnbiitaries, 
there must he an interauricular defect to make the condition compatible with 
life. In most patients in whom several but not aU of the pulmonaiy veins drain 
into the right auricle or its tributaries there are associated malformations. In 
one of the patients studied bj- Dr. Bing‘® in whom several but not all of the 
pulmonary veins emptied into the superior vena cava but in whom there were 
no associated malformations, there was a great increase in pulmonary blood 
how without an associated increase in the pulmonai’y pressure. The ideal in 
surgical therapy in such a case would be the anastomosis of the aberrant veins 
to the left auricular appendage or one of its tributaries. Almost equally good 
results would probably be accomplished by the le.ss difficult procedure of mak¬ 
ing a large interauricular defect. Muller^“ has recentlj’- anastomosed the side 
of an anomalous left pulmonary vein to the left auricular appendage with a 
good result. Dr. Bing has found pronounced pubnonary arterial hypertension 
udth strain on the right ventricle in two patients in whom all of the puhnonaiy 
veins dz’ained into the right aririele thi-ough the superior vena cava. The sj's- 
temic artei'ial oxygen saturation in these patients was only moderately de¬ 
pressed, and the main problem was the burden on the right ventricle. An at¬ 
tempt was made in one of these patients to correct the venous return but with¬ 
out success. The creation of a very large interauricular defect would probably 
have relieved the strain on the right ventricle. The larger the auricular defect 
the greater will be the opportunity for a right to left shunt. 

As pointed out earlier, there is danger of spontaneous closure of an anasto¬ 
mosis between a vein and an auricle or auricular appendage. The anatomic 
stnicture is such that it is difficult if not impossible to anastomose the right 
pulmonaiy veins to the left side of the heart unless they actually pass across 
the midline and into the left chest. In some instances all of the pulmonary 
veins, right and left, do come together in the left side of the chest and enter 
the innominate vein or the sujierior vena cava by a common trunk. Under 
such eircum.stances it is important to realize that one is dealing irith a common 
trunk and that total occlusion while one is performing an anastomosis to the 
auricular appendage would result fatally. If the tnuik is large, it may be 
partially occluded w'hile the ana.stomosis is being iierformed; othenrise one of 
its branches may be used for this purpo.se. As indicated preriously, the im¬ 
plantation of the anomalous vein into the correct side of the heart is the ideal 
procedure, but the dangers of subsequent closure of the ana.storaosis and the 
difficulties of determining the exact anatomic picture may influence one to 
make a large interauricular defect if one is not already present. 

Important anomalies of the venae cavae are less frequently observed. If 
an anomaly is discovered that is producing sjunptouis, the problems in treat¬ 
ment are similar to those that have been discussed in connection with the pul¬ 
monary veins; that is, tramsplantation into the proper side of the heart oi the 
makmg of a large interauricular defect. Bilateral superior venae cavae occm 
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fairly frequently and arc usually associated with other nmlforuiatioiiB. Usually 
both of the superior venae wivne enter the right side of the heart, but in some 
instances the left one drains into the left side. If this latter condition as well 
ns the presence of a normal right superior vena cava is determined preopera- 
tively, one may Ugate the left superior vena eava in the course of attacking 
the associated congenital malformation. 

nl. DKORDERS IN THE TRmVTJIENT OP WHICH SUROSRY IS OF DOUBTFUL V.ILUE OR 
SUITABLE ilETHODS ARE NOT YET FULLY DEraLOPKD 

A. Acquired .— 

li. Coronary Artery Disease: I hope that I am in en’or in placing this dis¬ 
order in this group because if it is proved that many cases of coronary arterial 
disease are amenable to surgical therapy, it will constitute one of the greatest of 
aU advances in medicine. Ilowevor, it would appear that our chief hope lies in 
the prevention of arteriosclerosis, possibly by dietary measures. 

It is largely due to the ingenuity and tenacity of Dr. Claude Beck*®’ “ that 
some surgical progress has been mode in this most difficult field. In many experi¬ 
ments and some clinical trials, efforts have lieen made to protect the heart against 
coronary occlusion by the establishment of on extraeoronary bed and of com¬ 
munications lictween the three main coronary ai-tei-ies. The methods which have 
been employed nicludo the grafting of adjacent tissues such as skeletal muscle, 
lung,” pericardium, and omentiun onto the surface of the heart in an effort to 
supply blood to the ischemic myocardium from an outside source; tho use of 
chemical or physical inflammatoiy agents applied directly to the heart in an effort 
to stimulate intercoronary eomnumications; and more recently attempts to 
cause a backward flow of blood through the coronary veins and capillaries by 
a direct anastomosis between a systemic artery and the coronary sinus of the 
heart.”’ “ Other efforts which have been made to nnprove the condition of 
the patient with coronary artenal disease and anguin pectoris include thoracic 
.sympathectomy for the relief of pain, ligation of the great cardiac veuis, which 
may cause stasis and a better distribution of blood ui the myocardium, total 
thjToidectomy, tlie implantation of a systemic artery into the myocardium, 
and the excision of infarcts of the heart. 

The operation which appears to me to have the most likely possibilities for 
improving the circulation of the myocardium is the original one proposed by 
Beck“ in which some tissue adjacent to the heart is placed against the heart 
and au inflammatory reaction is provoked by an agent such as talc. In addi¬ 
tion to the fact that this is a less dangerous pi-ocedure than that in which an 
anastomosis between a systemic artery and the coronary sinus is created, it 
would seem that the chances for pi’olonged improvement in the circulation are 
greater. AVhether one uses total, partial, or no occlusiou of the coronary sinus 
at its ostium in conjunction uuth its anastomosis to a systemic artery, it is 
likely that the shunted arterial blood will ultimately find its way into the heart 
chambers through dilated venous channels in which the jiressure is lower than 
that in the capillaries.^*’ ” I am skeptical of the value of the sy.stemlc arlerj' 
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to the coronary sinus operation, despite the fact that Heimbecker and P® have 
showi recently l)y oliservatioii of capillaries and determinations of the oxygen 
content of blood that arterial blood can be made to flow backward through the 
veins and capillaries of the intestinal tract, for a brief period at least, under 
conditions which Avill not be detailed here. Fluids seek a low pi'essure route 
and blood Avill not flow through a high pressure zone for an extended period 
when small veins exist which are capable of dilation when subjected to in¬ 
creased pressure. 

Beck has emphasized his belief that the operations which he has described 
will not eradicate the disease and that a complete cure is not to be expected. 
Since the average duration of life of patients who suiwive the first attack of 
coi'onary occlusion is approximately five years, it is extremely difficult to evalu¬ 
ate the effects of a procedure which is not curative, and thousands of trials 
will be recpiired befoi-e a definite answer can l)e supplied. Even though it 
would appear that the possibilities of making real progress in the treatment 
of coronary dLsease bj’’ existing techniques are not great, the importance of the 
problem demands that experimentation be contiinred. 

15. Aortic Vatvular Stoiosis: Aortic .stenosis as an Isolated lesion is rare 
and is move often acquired than congenital. Rheumatic fever is the most fre¬ 
quent causative agent. It is fortxuiate that the lesion is less common than 
mitral stenosis, for the surgical problem is thus far a more difficult one. Our 
efforts to treat aortic stenosis are limited to two cases and both I’esulted fatally 
from ventricular fibrillation. The first patient (who was to be operated upon 
by the late Horace Smithy) died as the incision was being made in the chest 
wall, and the second died shortly after the stenotic valve had been incised and 
dilated through an incision in the left ventricle. Bailey®' has attempted to 
stretch the stenotic orifice by the use of a dilatoi' introduced through the ca¬ 
rotid artery and down the aorta, but he has now abandoned this method in 
favor of the ventricular approach. 

Subaortic stenosis,"’'' which is also rare, is usually a congenital lesion and 
i.s caused by the persistence of a band or membrane of connective tissue which 
lies immediately below the aortic valves. The problem of surgical therapy 
should be easier in this condition than in rheumatic aortic stenosis. 

16. Insufficiency of Heart Valves: The problem of the surgical Beatment 
of insufficiency of the various valves of the heart is still decidedly in the ex 
perimental stage and will probably remain there for some time. One eon i 
probably anchor in place an artificial mechanical valve by the use of existing 
techniques, but there is great doubt whether such a valve would function oi 
an extended period. If one is to place accurately a graft of vdable tissue sue 
as pericardium, one should be able to suture with care in, a dry field 
direct vision, which means that an extracorporeal circulation is required. ni 
thermore, it remains to be determined whether such valves will live anc unc 
tion property. This latter problem may present greater difficulties than t os 
of artificial circulation. Gordon Murray and his associates®* used 

ments, and Templeton and Gibbon®® employed vein and pericardial gm 
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cfTorls to ropnir ex|)ei-ii)ieiitnl defects in vnlve.s. The eesult.s me iiiodci-ntely 
eiicouraginp, pnrticularly with the use of pericni’diuiii, but the ohaervation 
pei'iod is too short for critical assesauient. Even if the results in partial I'e- 
placement of the normal valve by a graft were i)rnctically perfect, the ques¬ 
tion is still unanswered as to the fate of a graft placed in a scarred area such 
as exists iu au acquired insufficiency. The functioning of heart valves is an 
extremely complicated mechanism and is dependent upon the attachment of 
I he chordae teuduiao ns well as other factors. At any rate, the pi-ohlem of 
valvular insufficiency is an important one which it will he very difficult to solve. 

1 am aware of the fact that flailey and his associates are i)lncing a ])edicled 
Ha]) of pericardium across the left ventiicle just below the mitral valve in the 
treatment of mitral insufficiency, and it is said that the earl}' results are en¬ 
couraging. A long observation period will l)c required for projier evaluation. 

IT. IntracanUnc Tumor.'i: Existing surgical methods arc suitable for the 
o.xcLsion of tumors of the surface of the heart. T’nfortunatol.v these lesions arc 
mmally metastatic. The proper treatment of tumors of the interior of the heart 
awaits the development of more accurate menus of diagnosis ns well as means 
either for good visualization wth imstrumentation of the interior of the heating 
heart, or iierfection of the artiflcinl eirculatiou which will permit an open opera¬ 
tion in a hloo<llos3 ehamlwr of the heart. 

B. Congenital .— 

fS. Anoinatons Origin of Left Coronarg Artery: In the rare anomal.v iu 
which the left coronary artery arises from the pulmonarj- arteiy the infants 
inmally die of cardiac failure during the early months of life. This condition 
may occur ns the sole anomaly, ninnd, AVhite, and Onrlnnd" have .show-n that 
the condition can sometimes be diagnosed by the flnding b.v electrocardiogra¬ 
phy of inveiniou of the T waves in all three lends combmed with Ioav voltage 
curves. 

There is a po.s.sihility but not a great likelihood that this condition may be 
treated surgically by severing the connection of the loft coronary with tlie pnl- 
monai'y artery and anastomosing its distal end to a sy.stemic artery such as the 
mdiclavinn. It would be necessary to perfuse the coronary arteiy with blood 
while the procedure is being iierformed. Smith and I have made a few’ at¬ 
tempts to carry out a similar procedure in experimental animals but thus far 
without success. The small size of the coronary arteiy in an infant renders 
perfu.sion and .simultaneoiui anastomosis a difficult and dangerous undertaking. 

19. Anricnhir SeptuI Defecie: A defect of the auncular septum is a com¬ 
mon lesion and frequently an isolated one. These defects varj' greatly in size 
and position. The shunt of blood is usually from the left to the right auricle 
and hence there is usually no cyanosis. The shunt imimses an added load on 
the right side of the heart, and there is generally dilatation of the right atrium 
and ventricle and right ventricular hypertrophy. Failure of the right side of 
the heart may occur. In some cn.scs the shunt is reversed, that Is, from right 
to left, and cyanosis is pre.sent. In the ab.sencc of inilmonary hypertension 
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it seems obvious that a more balanced circulatory pattern would result from 
closure of an isolated aiTricular septal defect. 

When pulmonary hypertension is present it may very well be that closure 
of an interaurieular defect is contraindicated. The answer probably hinges 
on the question whether the pulmonary hypertension is primary or secondary, 
and if secondary, Avhether the hypertension would be lessened by closure of 
the defect. In the presence of marked arteriolar disease in the lungs the right 
ventricular pressure and consequently the right auricular pressure are elevated. 
As a result the shunt in the tAvo auricles may be directed from right to left. 
Under these circumstances repair of the auricular defect would close the open¬ 
ing which may be prcA'enting an exeessiA'e increase in pressure in the right 
auricle and may transform the condition into one resembling Ayerza’s disease. 
Since the cause of pulmonary hypertension in association Avith an auricular 
septal defect is obscure and may be due to primary changes in the pulmonaiy 
arteries, I simply Avish to emphasize the possibility that closure of the defect 
may be contraindicated. It is possible that closure of the defect combined Avith 
denervation of the lungs may be the treatment of choice. Denervation of the 
lungs Avithout closure of the defect might make the condition worse. 

Since there are many auricular septal defects unassociated with complicat¬ 
ing factors, it is important that a satisfactory method for closing them be de- 
Amloped. Much experimental Avork along this line is being performed, such as 
that of Cohn®‘ on the use of part of the Avail of the auricle, and that of SAvan®- 
on the employment of the auricular apiJendages. One of the difficulties of the 
problem is that experimentally produced defects are prone to spontaneous clos¬ 
ure, and it is difficult to gauge the effectiveness of various methods of repair. 
The method Avhieh Hanlon and P® devised for creating an interaurieular defect 
usually results in one Avhich does not close spontaneously, but its position is not 
the same as that of naturally occurring interaurieular defects. Clordon 
Murray®® made a preliminary report on his attempts to close interaurieular de¬ 
fects by a blind method in Avhich coarse suture material is passed through the 
heart in the region of the septum and is tied loosely. A someAvhat similar 
method has been reported by Perianes,®^ I doubt whether any of the clinical 
or experimental methods which have been reported thus far Avill prove to be 
the ansAver to this problem. Good visualization of the interior of the auricles 
is desirable since the defects vary so greatly in size and position, and a Avholly 
satisfaetoi’y method may haAm to await the perfection of the extracorporeal 
circulation. 

20. The lAitemhacher Syndrome: This syndrome consists of an auricular 
septal defect combined Avith congenital or acquired mitral stenosis and great 
dilatation of the pulmonary artery. It is Avell knoAvn that patients Avith auricu¬ 
lar septal defects are prone to have rheumatic fever and mitral stenosis. The 
greatest strain in the Lutembacher syndrome is probably on the light auricle, the 
right A^entricle, and the pulmonary artery, Avhereas the left ventricle and the 
aorta are spared except in the later stages. Because of the fact that the shunt 
is fi'om left to right, there is usually no cyanosis. White"® has pointed out that 
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some putieiita mth this condition sun’ive to old iige, hut this is tlie exception 
rather than the rule. 

If surgical therapy is uidieiited, it would appear that the attack should he 
on the stenotic mitral A'alve rather than upon the auricular septal defect. If 
the flow of blood through the stenosed mitral valve is increased by commis¬ 
surotomy, the left to right shunt rvould decrease, thus lessening the burden on 
the right aide of the heart. If the mitral stenosis cnn be dealt wth effectively, 
and if indnionary arterial disease is not present, it would probably be desirable 
to close the interauricular defect if a safe and suitable method were available. 
In the presence of pulmonary arteriolar disease the defect should not be closed 
even if the mitral stenosis has been alleviated since the defect probably serves 
as a .safety outlet in pennittiug some right to left shunt and prevciits an exces¬ 
sive rise in pres.sure in the right auricle. As stated irreWously, the pulmonary 
arteiy in the Tmtembncher sj’udrome is greatly eidarged. Even if one could 
reduce the size of this vessel by surroundiug it mth an irritating material such 
as cellophane, it is doubtfid whether the patient would be benefited. 

Approximately one year ago I perfonned a mitral commissurotomy on a 
patient ill with the Lutembaeher sjnulromc. She survived the procedure, but 
her condition is little if any improved at the present time. 

31. Ventricular Septal Defects; Defects of the veutricidar sei)tum are fre¬ 
quently observed lesions, they are difficult to diagnose with certainty, they 
vary greatly as to size, location, and n.s8ociated sj’inptoms if any, and many of 
them are compatible with long life. The shunt of blood is usually from left to 
right. Since this shunted blood returns to the left side of the heart, both ven¬ 
tricles take part in transporting it. In this respect the situation is different 
from that in interanrioular defects with a left to right shunt in that the right 
ventricle has the entire burden of pumping the shunted blood. 

The prognosis in jiatients uith small ventricular septal defects is excellent, 
and surgical therapy is not indicated. It is in patients rvith large high defects 
in whom the large shunt causes changes in the pulmonary blood vessels and in 
those in whom for some reason a right to left shunt develops that closure of the 
defect might be considered. In patients in whom a large shunt is predomi¬ 
nantly left to right, closure of the shunt would undoubtedly benefit the pa¬ 
tient by protecting the pulmonary vessels and reducing the .strain on the heart. 
On the other hand, if pulmonary hypertension and a right to left shunt are 
present, closure of the defect might result in an increase in the residual volume 
of the right ventricle, a rise in pressure in the right ventricle and pulmonary 
artery, and in right-sided heart failure. 

Ventricular septal defects are hard to produce experimentally and are likely 
to close spontaneously, which makes diliflcidt the problems of surgical methods 
of eloRuro. As far as I know, no satisfactory method has been devclo]>ed. ilur- 
raj-*’ made a preliminary report of his efforts to close ventricular septal defects 
in patients by a blind suture method. Becaiujc of the fact that the e.xact posi¬ 
tion of the defect varies widely from patient to patient and that .some of the 
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defects are in close proximity to heart valves and to the orifices of major arteries, 
I do not believe that a blind method of suture is the answer to this surgical prob¬ 
lem. The defects which produce symptoms are those that are closest to the heart 
valves and great arteries, and these present the chief difficulty in closure. As 
indicated pre^dously, the low ventricular defect is a relatively benign lesion 
and closure is rarely if ever indicated. I am fairly certain that the proper 
.surgical closure of ventricular septal defects that are producing symptoms "will 
have to await the further development of methods of carrying on the circula¬ 
tion artificially which will allow under direct vision the careful placing aiul 
suturing of a graft of tissue such as pericardium in a position where there will 
be no interference with the action of heart valves or blockage of the orifices 
of important vessels. These technical difficulties added to thosp of accurate 
anatomic diagnosis indicate that it -will be some time before this problem is 
solved. 

32. The Eisenmenger Complex: In the Eiseumenger complex there is a 
high ventricular septal defect; the aorta overrides this defect and thus receives 
blood from both the right and the left ventricle. It differs from the tetralogy 
of Fallot mainly in that there is no pulmonic stenosis. The pulraonaiy artery 
is usually very large, and pressure within it is high. This condition, Avhich for¬ 
tunately is not common, may not be detected in childhood since cyanosis may 
not appear until the time of adolescence or later. 

Serious changes in the pulmonary ai-terioles have been desci’ibed in the 
Eisenmenger complex. Old and Russel*® found the folloAving: (1) medial 
hypertrophy; (2) an increase in elastic tissue with respect to both thickening 
of the pre-existing fibers and the presence of new fibers between the elements 
of the media; and (3) nonatheromatous intimal thickening ■with proliferation 
of fibrous tissue. These changes result in Amrying degrees of narrowing of the 
smaller pulmonary A^essels. It has not been detei-mined with certainly whether 
the pulmonary hypertension is primary or secondary, but it is very likely that 
it is secondary to the large high ventricular defect. If it Avere not for this 
increase in the pulmonary Amscular resistance, most of the outpiit of both ven¬ 
tricles Avould go to the lungs and the systemic flow Avould be inadequate. Ac¬ 
cording to Bing,®" the blood floAV through the lungs in the Eisenmenger com¬ 
plex is essentially normal in quantity. 

The ideal operation for the treatment of the Eisenmenger complex Avoukl 
be the closure of the high defect before pronounced and ii'reA^ersible alterations 
in the pulmonarj’^ arterioles occur. As indicated in the discussion of the treat¬ 
ment of other high intei'A'^entricular defects, this operation should be performed 
in a dry field under direct Ausion, and a graft of some tissue such as pericardium 
.should be used. The proximity of the aorta to the defect renders an attempt 
at blind clo.sure too dangerous. After definite pulmonary hypertension and 
Ausible cyanosis have developed, closure of the defect might result in failure 
of the right side of the heart. Since the pulmonary blood floAv in this condi¬ 
tion is said to be nonnal, and since there is severe constriction of tlie .smaliei 
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pulinouiuy vessels, it is douhltiil wliellier iiii iirtifleial rednetioii in the size of 
the pulmonary artery wonlcl aeeninpli.sh any Kooil, and it might make the condi¬ 
tion worse. This point, however, has not been determined. A significant re¬ 
duction in the size of the main ])ulmoimry artery comhined with sympathec¬ 
tomy might result in improvement. Unfortunately, an entirely satisfactory 
method for the partial closure of large diseased arteries has not been developed, 
and there is always the danger of subseiiuent hemorrhage at the site if a siza- 
l)lc reduction in caliber is caused. Ail in all, the problem of the surgical 
treatment of the Eisenmenger complex and of high ventricular septal defects 
in general is a most difficult one. Its solution ])rohnbIy will have to await fur¬ 
ther dovelo])menta in ultra cardiac surgeiy. 

33. Pulmonary Hypertension in As.tocintion mith Conyenital Heart Disease: 
Pulmonary hyiiertensiou in association with a number of the congenital cardio¬ 
vascular defects has already been discusseil briefly. The question arises 
whether the alterations in tlie pulmonary arterioles are primary*’ or whether 
they are secondary to the congenital defect in the heart or great blood vessels. 
The future role of surgical therapy in the treatment of pulmouary hyiierfen- 
sion in associatiou with congenital heart disease Is bound up so closely ivith this 
unsettled question of etiology that no dogmatic statements seem warranted. 
Even if it be granted that the pulmonary hypertension in the majority of oases 
is due directly to the alteration in circulatory dynamics caused by the eardio- 
vnseular defect, there is still the problem whether these changes in the pul¬ 
monary vessels will be reversed if the defect is corrected. These alterations 
in the pulnumaiy vessels are usually anatomic rather than vasospastic. It has 
been .stated previously that in many cases the increase in the resistance in the 
pulmonary vascular bed serves as a .safety mechanism in preventing an unbal¬ 
ancing of the systemic and pulmonary va.scular sy'stems. This is probably the 
case in the Eisenmenger complex, transposition of the gi'eat vessels, isolated 
ventricular septal defects, aoi-tic atresia nith patent ductus, the single ventricle 
ill which both great arteries or the aorta alone arises from the rudimentary 
outflow chamber, and in some instaucca of truncus arteriosus. Even if the 
nature of the pulmonary vascular resistance were such that it coidd be lowered 
by sympathectomy without correction of the defect, severe circidatory disturb¬ 
ances would likely ensue. I am of the opinion that the pulmonary’ vascular 
changes are usually secondary to the cardiova-soular detect and that the treat¬ 
ment should consist of a direct attack on the defect when and if a method is 
available. Naturally the best results mil be obtained in those patients in whom 
vasculai- alterations in the lungs are not far advanced. If the primary defect 
can be remedied, it is possible that an additional procedure such as pulmonary 
sympathectomy will bo helpfid in reducing the pulmonary resistance, hut there 
is no coimneing evidence that the pulmonary vessels are under autonomic con¬ 
trol. Unfortunately’, surgical means arc as yet unavailable for dealing m'th 
many of these intnicardiac defects, and thern|),v will have to await further 
advances. 
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Discussion 

Many significant advances in eai-diovasculav sui-gery can be and will be 
made by the employment of existing methods and techniques, but many others 
will have to await the further development of methods for canying on the cir¬ 
culation artificially in order that one may operate under direct vision in a blood¬ 
less field. Still others are dependent upon the solution of the problem of homo¬ 
transplantation of tissues. This latter problem is more baffling than the former, 
and no real strides have been made. It is to be hoped that some agent will be 
found that will so alter the donor-recipient relationships that transplanted tis- 
.sues Avill survive and function permanently. The work with cortisone and 
ACTH along these lines is not very encouraging. 

Important advances have lieen and are being made in studies on methods 
for carrying on part or all of the circulation artificially. Many of the needs 
for and future applications of these methods have been mentioned in this paper 
in the discussion of indi^^duaI lesions. 

Kolff and others who have worked on the ai'tificial kidney have demon¬ 
strated conclusively that it is ]jossiblc to withdraw lilood continuously, to pass 
it through an artificial circuit, and to return it to the body without harm to 
the patient. The blood is removed from an arteiy of the patient, who has re¬ 
ceived heparin, is passed through the artificial kidney, and is returned to one 
of the patient’s veins. The problem is more complicated if one wi.shes to take 
over the cardiorespiratory functions because the use of the artificial lung pre¬ 
sents greater complexities than does that of the artificial kidney. In order to 
take over the cardiorespiratory functions, it is necessary to heparinize the pa¬ 
tient, to Avithdraw blood from a vein, to expose it to oxygen and allov/ carbon 
dioxide to escape, and then to pump the oxygenated blood into a peripheral 
artery. As a residt of the work of Gibbon and many others, oxygenators that 
function wth remai’kable efficiency have been constructed. 

PARTIAL CIRCUmVTIOX 

The mechanical lung and pump as jiartial replacement for the functions 
of the heart and lungs should be helpful to patients having difficulty in oxy¬ 
genating adequately the blood which is to enter the systemic aiderial system. 
Among other conditions, the procedure should prove helpful in the treatment 
of patients mth severe pulmonary edema which cannot be relieved by conven¬ 
tional methods of treatment. 

The remaining remarks on partial circulation will deal only with replace¬ 
ment of the function of the right or the left side of the heart, the subject’s own 
lungs being used for the oxygenation of the blood. If and when the artificial 
lung is perfected and proved to be safe, it is likely that the use of methods for 
replacement of the function of one of the two sides of the heart will be limited 
to experimental work, since the cannulation of the great blood vessels is in it¬ 
self an extensive and a dangerous procedure. Furthermore, there are many 
intracardiae and extracardiac procedures in which it is de.sirable to have hot 
sides of the heart bloodless. 
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Leeds, Gray, and Cook,"’ Sewell and Glenn,'” and otliora have wndered 
the right side of the heart bloodless, except for coronary venous return, by 
diverting the blood from the superior and inferior venae eavao to a pump and 
then through a cannula to the pulmonary artery. jVs indicated pretuonsly, this 
retinired the insertion of at least two large cannulae. Since the coronaiy blood 
flow etiuals 5 (ter cent or more of the cardiac output, difllcultics are presented 
in operations on the right side of the heart from the viewpoints of visibility and 
blood loss. If the outflow from the coronnr 3 ' .sinus and thebesian vcasels is to 
be collected and returned to the circulation, it should be debubbled. Suffleiout 
experimental evidence has been accumulated to demonstrate that a unilateral 
pump can be opened and closed with recovery of the animal. 

A unilateral pump to replace the function of the right side of the heart 
temporarily should theoretically allow one to operate on lesioim of the tricuspid 
and pulmonary valves, including stenosis, atresia, and iirsnfllcionc.v, on Ebstein’s 
disease, on the rare uifundibular stcno.sLs unaccompanied by a septtil defect, 
and on some intmeardiac tumor.s. The nnilatcral pnmp would not sufSoe for 
the closure of sojital defects or for operations for other lesions associated tvith 
septal defects. The pump will probably find its greatest usefulness in permit¬ 
ting oite to create various experimental lesions of structures of the right side of 
the heart. 

Zollinger," Kantrowitr,'* and others have used a unilateral pump to sub¬ 
stitute for the ieft side of the heart. The blood from the left auricle or the pul¬ 
monary veins is udthdrawn through a cannula and it is then pumped through 
another cannula into a systemic artery such ns the subclavian. It is more dif¬ 
ficult to substitute for the left side of the heart than the right. One of the rea¬ 
sons for this is the likelihood of arterial air embolism associated rvith opening 
the left side of the heart. Furthermore, the coronary arterial flow is depend¬ 
ent, when the left heart pump is used, upon the competence of the aortic valve. 
Nevertheless, Kantrowitz has reported survival of cats followng opening and 
closing of the bloodless left ventricle. 

A unilateral pump to replace temporarily the function of the left side of 
the heart should theoretically allow one to operate on lesions of the mitral 
valve and on intracardiae tumors. The coronary arteries would probably have 
to he cannulated and perfused if one were operating for aortic stenosis or iu- 
suffleieney. The unilateral pump would not .stifilce for the treatment of ae|)tal 
defects. The present results on the treatment of mitral stenosis are so encour¬ 
aging that the employment of a pump in this connection seems unlikely, lle- 
ca\ise of the dangers accompanjdng the use of the left heart suhstitute, and 
because of its limited clinical usefidness ns visnalizod at present, it would ap¬ 
pear that this method null he employed mainly in the creation of experimental 
lesions. 

TOTAL CIUCUI...\TIOX 

Wesolowski" and others have shown that hath sides of the heart may be 
rendered relatively bloodless by using two pumps, one for the right and an¬ 
other for the left. The conneetions made would he .similar to those described 
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under partial circulation; namely, one apparatus to withdraw blood from the 
venae cavae and propel it to the pulmonary arterial circulation, and another to 
withdraw blood from the left auricle or pulmonary veins and pump it to a 
systemic artery. Under these conditions the entire heart is deprived of blood 
except for the coronary flow, and various intracardiac procedures would be 
possible. It seems doubtful, however, whether the use of two pumps to replace 
the heart’s functions will ever l}e a practical procedure in patients because the 
connections necessary between the two pumps and the patient make it too 
formidable. The method should continue to serve a useful purpose in experi¬ 
mental work. 

Another method by which the function of the heart and lungs can be sup¬ 
planted is by cross circulation between the recipient and a donor. This can be 
accomplished by having the donor’s heart serving as the pumping mechanism, 
or mechanical pumps can be used. In either case, the donor’s lungs would 
oxygenate the blood. Experiments indicate that the dangei’s to the donor are 
about as great as those to the recipient, and it would appear that this method 
will not have clinical application. 

The last and best method is that in which an artificial oxygenator is used. 
The method involves canmilation of the venae cavae and passing of the venous 
I)lood through an oxygenator or artificial lung. The blood which has taken u]) 
oxygen and has lost carbon dioxide is then pumped to a systemic artery. Both 
sides of the heart are rendered relatively bloodless (if the aortic valve is com¬ 
petent) and intracardiae procedures such as operations on heart valves, septal 
defects, and intracardiae tumors are possible. The cannulation is simple as 
compared to that which is required when an oxygenator is not used. Those 
who are working in this field have had many pi-oblems to solve such ns the 
prevention of damage to the blood and the prevention of air embolism. The 
two major problems remaining are the construction of a simple suitable oxy¬ 
genator and the solving of the difficulties and dangers of operating on heparin¬ 
ized patients. Under the leaderehip of investigators such as Gibbon, Crafoord, 
Bjork, Ivolff, Dennis, Glenn, Jongblood, and othei's, it is very likely that these 
problems Avill be solved. Only when this time arrives will it be possible to de¬ 
termine how well the diseased human heart will withstand having its func¬ 
tions taken over temporarily and incisions made into its chambers. It is prob¬ 
ably fortunate that the dog’s heart, because of its great tendency to fibrillate, 
])resents a rigid test for the artificial circulation; the human heart presents 
less of a problem in this respect. It would seem that the initial clinical em¬ 
ployment of the artificial heart and lungs for total replacement should be on 
patients with a usually fatal disorder such as congenital transposition of the 
aorta and pulmonary arteiy. The hearts of these patients wthstand operative 
procedures I’emarkably well, and the use of the artificial cii’culation should give 
one an opportunity to divide and tran.spose the aorta and the pulmonary artery. 

I hope it is obvious from my remarks that there are many unsolved prob¬ 
lems in cardiovascular surgery. Many of these mil be solved by modification.s 



: OAm)iovAst*uu\u srudWiY 


rjfin 


ill oxistiiij? loulmiiiucH. 011ioi*h will luivo to awuit furl her luiuhmieiital develop¬ 
ments. AVith the interest and enttm.siasm that are i)einy: shown i)y eoinpeteut 
inveatigatovH, the fntvwe development, of this field of surgery seems ns.suved. 


RKFKBKXCES 

1. Report of National Conference on Cardlovimcular Disuaj^ex. PabHaheH April, 1050 by 

the American Heart Awiociatlon. 

2. Dolomie: Sur un traitement chlnirgical «le ia >.ympliy»«o cardo-pericardlque, Bull, et 

mem. Soc, Qo chir. de Par. 24; 013, 1808. 

n. Holman, E,: The RecoKnltlon nnd Correction of Coiwtrictivo Poricarditii, J. Tiiorunr 
8UB0, 18; 648, 1D49. 

4. Blalock, A., anti Ravitcli, if. il.: A (Jonxlilerution of the Xouoperative Treatment of 
Cardiac Tamponade ReBultiug fron» Wountla of the Heart, Surgery 14: 157, IWH. 

;k Elkin, D. C., and Campbell, R. E.t Cardiac Taniponatle: Treatment by Aspiration. 
Presentation before Souihera Surgical Afwociation, December 6, 1950, Ann. Surg. 
In Prea*. 

6. Clav, R. C., and Blalock, A.: Congenita) Arteriovenoua Plstulua in the ifandible, Surg,, 

Qynec. & Obnt. 90 : 548, 3D50. 

7. Blokemore, A. H.; Pemonal communication, 1951. 

8. Grofta, R. E.: Surgical Treatnient for Coarctation of tlie Aorta. Experlonees from 60 

Casea, J. A. M. A. 139: 286, 19-10. 

9. Lam, Conrad: Personal eommunicution, 1951. 

10. Cutler, E. C.j and Beck, C. 8,: Present Status of Surgical Procedures in Chronic Val¬ 

vular Disease of the Heart; Pinal Report of nil Surgical Cases, Arch. Surg^. 18: 408, 
1929, 

11. Allen, D. and Oralmm, K. A.: Introeartliae Surgorj*—A New iletbod, J. A. i[. A. 

79; 1028, 1922. 

12. Smithy, H. G., Boone, J, A., und Staihrorth, J. if.: Surgical Treatment of Constrictive 

Valvular Disease of the Heart, Surg., Oynec. & Obst, 90; 175, 1950. 

13. Dailey, C. P., Glover, R. P., and O’Xeifl. T. J. E.: The Surgen* of ifitral Stenosis, J. 

TnoHACic Srao. 19: 16, 1050. 

14. Harken, D. E. Ellis, L. B., and Norman, L. R.: The Surgical Treatment of ifitral 

Stenosis. EL Progress in Developing a Controlled Valvuloplostic Technique, J. 
Thoracic Sviio. 19: 1, 1950. 

15. Souttar, P. W.: Surpcal Treatment of ifitral Stenosis, Brit. if. J. 2: 098, 1025. 

10. Sweet, R. H., and Bland, Eh F,; Surgical Relief of Congestion in the Pulmoaary Cir¬ 

culation in Cases of Severe ifitral Stenosis, Ann. Surg. 130: 384, 1940. 

17. Ellis, L. B., and Harkca, D. E.t ititral Stenosis, Cllnico-Physlologlc Correlations, with 

Particular Reference to Surgical Intervention. Tratu. Am. Clin. & CHmat. Assn., 
Vol. 60, 1948. 

18. ifunro, J. C.: Ligation of the Ductus Arteriosus, Ann. Surg. 40: 385, 1907. 

19. Grmybiel, A., Htrieder, J. iV., and Boyer, N. H.; Attempt to Obliterate Patent Ductus 

Arteriosus in Patient with Subacute Bacterial Endarteritis, Am. Heart J. 16: 621, 
103S. 

20. Gross, K. E., and Hubbard, J. P,: Surgical Ligation of Patent Dactus Arterioscs: 

Report of E'irst Successful Case, J. A. il. A. 112: 729, 1930. 

2L Dammaun, Personal communication, 1951. 

22. Keith, J. D., and Forsyth, C.: Aortography in Infants, Circulation 2: 907, 1950, 

28. Gross, R. E.: Complete Surgical Division of the Patent Ductxw Arteriosus. A Report 

of Fourteen Successful Cases, Surg., Gynoc. & Obst. 78; 35, 1944. 

24. Blalock, A.: Operative Closure of the Patent Ductus Arteriosiu, Surg., Gyner. S: Obst. 

82: 118, 1946. 

25. Scott, IL W., Jr.; Closure of tlie Putent Ductus by Suture-Ligation Technique, Surg., 

Gynec. & Obst. 90: 01, 1950. 

26. Crafoord, C., and Nylin, G.: Congenital Coarctation of the Aorta and Its Surgical 

Treatment, J. Tuobacic Svro. 14 : 847, 1945. 

27. Blalock, A., and Park, E. A.: The Burden) Treatment of Experimental Coarctatiou 

(Atresia) of the Aorta, Ann. Burg. 119: 445, 1944. 

2S. Blalock, A., and Tansalg, II. B.: The Snrgical Treatment of llalfonnations of the 
Heart in Which There Is Pulnionarv Stenosis or Pulmonary' .i^tresia, J- A. if. A. 
128: 189, 1945. 

29. Brock, R. C.: The Surgery of Ehilmonon* Stenosis, Brit. if. J. 2: 899, 1949. 

80. Brock, R. G., and Camphell, il.: Infundibular Resection or Dilatation for Infundibular 

StenoHis, Brit. Heart J. 12 : 408, 1050. 

81. Glover, R, P., Bailey, C. P., and O'Neill, T. .L E.; Surgery' of Stenotic Valvular Dis¬ 

ease of the Heart, .T. A. if. A. 1-44; 1049, 19G0. 



570 


ThK jouttXAL OF 'Thoracic i^ukgKry 


o2. Barrett, N. E., and Daley, E.: A ilethod of Increasing the Lung Blood Supiilv in 
Cj'anotic Congenital Heart Disease, Brit. At. J. I: 6i)9, 1949. 

33. Taussig, H.: Personal communication, 1951. 

34. Blalock, A.: Surgical Procedures Employed and Anatomical Variations Encountered 

in the Treatment of Congenital Pulmonic Stenosis, Surg,, Gjmec. & Obst. 87: 385 
1948. - ’ 


35. Potts, W. J., Smith, Sidney, and Gibson, S.: Anastomosis of Aorta to Pulmonary 

Artery; Certain Types in Congenital Heart Disease, J. A. iC. A. 132: 627, 1946. 

36. Blalock, A., and Hanlon, C. E.: Interatrial Septal Defect—Its Experimental Produc¬ 

tion Under Direct A'ision Without Interruption of the Circulation, Surg. Gynee. & 
Obst. 87: 183, 1948. 

37. Taussig, H. B., Padmarati-Ej’ra, and King, J. T.; Personal communication, 1951. 

38. Sellers, T. H.: Surgery of Pulmonary Stenosis—A Case in Which the Pulmonary Valve 

Was Successfully Divided, Lancet, p. 988, 1948. 

39. Blalock, A., and Kieffer, E. F., Jr.: A’^alvulotomj- for the Eelief of Congenital Valvular 

Pulmonic Stenosis With Intact Ventricular Septum. Eeport of Nineteen Opera¬ 
tions by the Brock Alethod, Ann. Surg. 132: 496, 1950. 

40. Bing, E. J.: Personal communication, 1951. 

41. Varco, E.: Personal communication, 1951. 

42. Neuhauser, E. B. D.: The Roentgen Diagnosis of Double Aortic Arch and Other 

Anomalies of the Great Vessels, Am. J. Roentgenol. 66: 1, 1946. 

43. Gross, E. E.: Surgical Eelief for Tracheal Obstruction from a Vascular Ring, Neu" 

England J. Med. 233: 586, 1945. 

44. Eveljm, K. A.^ Alexander, F., and Cooper, S. E.: Effect of Sympathectomy on Blood 

Pressure in Hypertension. A Review of Thirteen Years' Experience at the Massa¬ 
chusetts General Hospital, J. A. AL A. 140: 592, 1949. 

45. Blalock, A., and Hanlon, C. R.: The Surgical Treatment of Complete Transposition of 

the Aorta and the Pulmonary Artery, Surg., Gynec. & Obst. 90: 1, 1950. 

46. Taussig, H. B., and Bing, R. J.: Complete Transposition of the Aorta and a Levoposi- 

tion of the Pulmonarj' Artery: Clinical Physiological and Pathological Findings, 
Am. Heart J. 37: 551, 1949. 

47. Brown, M., and Blalock, A.: Unreported Results on Experimental Transposition of 

A'^eins, 1951. 

48. Friedlich, A., Bing, R. J., and Blount, S. G., Jr.: Physiological Studies in Congenital 

Heart Disease. LX. Circulatory Djmamics in the Anomalies of Venous Return to 
the Heart Including Pulmonary Arteriovenous Fistula, Bull. Johns Hopkins Hosp. 
86: 20, 1950. 

49. Muller, W. H., Jr.: Personal communication, 1950. 

50. Beck, C. S.; The Development of a New Blood Supply to the Heart by Operation, Ann. 

Surg. 102: 801, 1935. 

51. Beck, C. S., Staton, E., Batiuchok, AV., and Leiter, E.: Revascularization of Heart by 

Graft of Systemic Artery into Coronary Sinus, J. A. M. A. 137: 436, 1946. 

52. Carter, B. N.: Surgerj^ of the Heart and Allied Great A''es8el8, J. A. M. A. 138: 1207, 

1948. 

53. Roberts, J. T., Browne, E. S., and Roberts, G.: Nourishment of the Myocardium by 

Way of the Coronarj^ Veins, Fed, Proc. 2: 90, 1943. 

54. Stenstrom, J. D.: A''ascularization of the Myocardial Capillary Bed by Arterialization 

of the Cardiac A'’eins, Canad. M. A. J. 59: 420, 1948. 

55. Johns, T. N. P., Sanford, M. C., and Blalock, A.: An Experimental Stud}' of the 

Ajjastomosis of Arteries to the Coronaiy Sinus of the Heart of the Dog, Bull. 
Johns Hopkins Hosp. 87: 1, 1950. 

56. Heimbecker, E., Thomas, V.: and Blalock, A.: Experimental Reversal of Capillary 

Blood Flow, Circulation. In Press. 

57. Taussig, H. B.: Congenital JIalformations of the Heart, New York, 1947, Common¬ 

wealth Fund, p. 429. 

58. Murray, G., Wilkinson, F. E., and MacKenzie, R.: Reconstruction of the A'^alves of the 

Heart, Canad. M. A. J. 38: 317, 1938. . ^ ,. 

59. Templeton, J. Y., Ltl, and Gibbon, J. H., Jr.: Experimental Reconstruction of Cardiac 

A'^alves by A'^enous and Pericardial Grafts, Ann. Surg. 129: 161, 1949. 

60. Bland, E. P., White, P. D., and Garland, J.: Congenital Anomalies of the Coronar}' 

Arteries; Eeport of an Unusual Case Associated with Cardiac Hypertrophy, Am. 


Heart J. 8: 787, 1933. _ , r f ;n 

61. Cohn, E.: An Experimental Method for the Closure of Interauricular Septal Defects 


Dogs, Am. Heart J. 33: 453, 1947. . ,..1 

62. Swan, H., Maresh, G., Johnson, M. E., and AVarner, G.: The Experimental Creation a 

Closure of Auricular Septal Defects, J. Thoracic Scbo. 20: 542, 1950. _ 

63. Murray, G.: -Closure of Defects in Cardiac Septa, Trans. Am. Surg. Assn. 66: .o_4, u 

64. Perianes, I.: Personal communication, 1950. 



HIwM^CK : rAKDIOVAKi’ULAK HUIUJKKY 


57J 


C5. Wliite, P, 1).: Hetirt Dinouse, ed. .*1, Now York, lU-i4, Tho ilacmilluii Company. i>. 

Od. Old, J. W., and ItuflHell, W. O.: Necrotizing Pulmonarj' ArtorltlM Occurring with Con¬ 
genital Heart Diaeaso. Am. .1. Path. 26: 780, 1D50. 

57. Bing, R. J., Vandani, 1)., ami Onty, F. .Ir.; Plivalologiral Studies in Congenital 
Heart Disease. Ill, KcHulta Obtniiied in Five doses of Kiaonnienger’a Complex, 
Bull. Johns Hopkins Hosp. 80: 323, 1047. 

68. Kdwards, J. E.: Functional Pothology of Certain Cardiovoacular ilalfonnationB Which 
May Bo Treated Surgically, Arch. Surg. 01: 1103, 1050. 

59. Beeds, 8. E., Gray, N. N., and Cook, O. 8.: Prolongation of Occlusion of the Cavae in 
Dogs bv Diversion of the Circulation. I. Cannulatlon of the Sui>erior Venn Cava, 
Surg., 6ynec. & Obat. 91: 309, 1050. 

70. Sewell, W. H., Jr., and Glenn, W. W. L.: Exporimontal Cardiac Surgorj'. L Observa¬ 

tions on tho Action of a Pump Designed to Sliunt the ^'onous Blood Past the Right 
Heart Directly into the Pulmonary .\rterj', Surg. 28 : 474, 1950. 

71. Siruk, H. D., Ellison, E. H., and Zollinger, R. 3£.: Cardiotomy into an Emptv Left 

Ventricle, Burg. 28: 225, ll>50. 

72. Kantrowitz, A., and Kantrowitz, A.: Experimoutal Artificial Left Heart to Permit 

Surgical Exposure of Mitral Valve in Cals, Proc, Soc. Exper, Biol. & ifed. 74: 193, 
1050. 

73. Wesolowaki, 8. A., ilillor, H. H., Halkelt, J. A. E,, and Welch, C. 8,: Experimental 

Replacement of tho Heart by a ilechauica! Extracorporeal Pump, Bull. New Eng¬ 
land Med. Center 12: 41, 1950. 




EXPERIMENTAL RECONSTRUCTION OF TRACHEAL AND 
BRONCHIAL DEFECTS WITH STAINLESS STEEL 
WIRE MESH 

Robert M. Bucher, M.D., W. Eiiory Burnett, M.D., and 
George P. Rosemond, jM.D. 

Philadelphia, Pa. 

T he purpose of this report is to present the results of some experimental 
work clone on animals invohung the reconstruction of tracheal and bronchial 
defects with wire mesh. 

With recent advances in thoracic surgeiy, more diseases of the lungs are 
becoming amenable to surgical therapy, and the limits of operability have been 
greatly extended. In the case of malignant disease, howevez', there are still 
several barriei's to the width of excision. One of these barnei’s is the trachea. 
If malignancy involves the tracheal wall, it is either inoperable or, at best, re¬ 
section can be only palliative. If some method of reeonstruetion or anastomosis 
of the trachea were possible, then a segment could be resected just as a segment 
of the intestinal tract may be resected. Such a method would undoubtedly ex¬ 
tend the curability of pneumonectomy for bronchiogenic carcinoma and would 
aid in the treatment of primary neoplasia of the trachea. There are man}^ other 
pos.sible applications as well. 

Experimental work in this direction has been carried out in the past, and 
is doubtless being undertaken by many at the present time. Definite progress 
has been made, and it does not seem at all unlikely that eventually a method 
or methods of reconstruction of the trachea and bronchi will be added to the 
armamentarium of the thoracic surgeon. 

BE\TE\V OP PREVIOUSLY REPORTED E.XPERIJIENTS 

Probably the fii-st report on experimental repair of the trachea was made 
bj'^ Hohmeier,* of Munich, in 1911. He excised windows of cervical trachea in 
dogs, and repaii’ed these defects with fa.scia lata. In one animal a defect of 1.5 
by 1.5 centimeters was made, and in another 2.5 by 2 ccntimetei's. Neither of 
these developed any emphysema, and at the end of eight weeks there was a com¬ 
pletely regenerated smooth mucosa with slight stenosis. 

In 1912, Levit- reported a tiacheal repair on a human patient. He closed 
a small tracheal fistula, which had resulted in an attempt at suicide, by freshen¬ 
ing the edges and suturing tascia over the defect. The patient was well eight 
montlis after operation, although there was slight uarroTOng of the ti’achea. 

In 1917, NeuhoD reported the closure of an old tracheotomy which had 
failed to heal by suturing fascia into the defect. Tliis patient was well six 
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moiitlis u£tcr opcrutiou mul l\nd no uppavcut steuuaus, although dii-cet InryngoH- 
eopy was not done. ITo nl.so mentioned sevend otlicr metliods of I'coonstnietion 
wliich had hecn u.scd. One was to turn down a flap con.sLsting of superficial 
layers of the thyroid cartilapo and adjacent skin, with the skin inside. jVnothcr 
was the use of an o.stcocutaneous flap from the sternum or clamclc. Notiung 
was stated as to the results of these proccdui-es. He also mentioned that cir¬ 
cular resection of the trachea had hecn done with success, hut stated that it was 
difficult to get accurate approximation. In addition, he mentioned a case of 
tracheal fistula which was cured by implantation of a sheet of silver filigree, 
rnfortunately, no further details were given. 

Taffel,' in 1940, reported a group of cxpcHments on dogs in which he used 
free fascial grafts to close various defcct.s. In the fii’st groiij), 1 by 1 centimeter 
defects were made in the cerrieal trachea and rcimii-cd with free grafts of deep 
ccrr'ical fascia. All of these were airtight, and none of the animals had any 
respiratorj' complications or sul>cntuncous cmphy.sema. In the second grouj), 
5 l)y 5 millimeter defects were made in the left upper lobe bronchus, and were 
repaired with a free graft of fa.sein from the chest wall. Again there wore no 
respiratory difficulties. In the tliiisl group a left upjter loltcclomy was done, 
and fascia was sutured over the oi)on bronchus. And in a fourth group the 
tracheal defect resulting from pneumonectomy was repaired witli a free fascial 
graft 

The.so procedures were done in twenty dogs, all of which healed primarily. 
There was no encroachment on the ealilmr except in the case of the loltectomy 
clo.sure. The graft did not seem to remain viable, but rather acted ns a scaffold 
for the regeneration of fibrous tissue. Regeneration of the mucosa was evident 
at the edges of the defect in one week and complete by the end of tlie second 
week, and there were mucous glands pi-esont at the end of the third week. In 
none of these was there evidence of regeneration of a mu-scularis mucosa, and, 
although there were islands of cartilage reformed, these did not take imrt in 
filling the defect. By the end of the fourth week, practically ad healing had 
taken place. Microscopy reveaded an inner layer of pseudostratified ciliated 
epithelium, a submucosa with occasional mucous glands and a few islands of 
cartilage hut no mu-scularis mucosa, and an outer layer of supporting adult 
connective tissue. 

It is true that these defects were (piite small, but tliis report gave evidence 
that adccpiate functional regeneration of trachea and bronchi could take place. 

Probably the most extensive study was reported by DanioF in 194S. Ho 
first reijeatcd Tatfel’s work, and in thirteen dogs made small 8 ndllimeter square 
window's. He then used three methods of repair. In several a fascial graft 
was usetl, in othois the defect was closed with fibrin film, and in others ho merely 
sutured muscle over the defect. In the first two groups he demonstrated re¬ 
generation of epithelium, although there was slight narrowing in the fascia 
group, and rather marked narrowing in the fibrin film group. In the tliird 
group, in which muscle was sutured over the defect, tissue protruded into the 
lumen, and there was .some tracheal obstruction. 
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He then excised segments of thoracie trachea and tied the cut ends over 
glass, stainless steel, or vitallium tubes. This procedure was used in twenty-one 
dogs, of which six succumbed within five days. In the remaining fifteen he found 
that the tube was held firmly in place by fibrous tissue and granulation tissue, 
with one exception in which the tube had slipped dovm to the Carina. In all 
cases the silk ligature, which had been used to tie the cut end around tlie tube, 
had cut through and was lying inside the lumen of the trachea against the tube. 
Islands of cartilage began to appear in three weeks and then grew slowly, and 
epithelium began to grow from the cut ends and was nearly complete in six 
months. * 

Daniel, in a tliird grout), Rsing eight animals, resected the right lung and 
the Carina. He then tied the cut ends of the trachea and the left bronchus over 
a curved tube. All but two of these animals died of leakage, obstruction, or 
hemorrhage. The remaining two were sacrificed at six and fourteen months, 
respectively. In one, there was wheezing which graduallj’’ became worse. At 
sLx months there was almost complete regeneration of epithelium and, gro.ssly, 
evidence of cartilage, but there was moderate constriction. In the other, the 
glass tube loosened and was removed bi’onehoscopically at eight months. There 
was slight narrowing noted at that time. At the end of fourteen months this 
dog had some wheezing, and at autopsy was found to have narrowing to one-half 
the diameter of the normal trachea. Epithelization was complete, and carti¬ 
lage rings were present. 

Hanlon® has recently reported on the use of gelatin sponge to repair several 
t}'pes of broueliial defects in dogs. He fii^st demonstrated that, in vitro, gelatin 
sponge formed a relatively airtight barrier. In ten animals he made an incision 
in the anterior bronchial wall and wrapped gelatin sponge around the bronchus. 
Thus was successful in all cases. In the second gi-oup of ten dogs, small segments 
of the anterior bronchial wall were excised, up to 1 centimeter in width, and 
one-half the circumference. Again gelatin sponge was wrapped around the 
bi'onehus, using no sutures, but depending on its adhesive qualities alone. All 
but one of these animals survived. The one fatality Avas due to an infected 
pneumothorax on the third day. In a third group of fifteen dogs a lobectomy 
Avas done and the open end of the bronchus Avas closed by a cap of gelatin sponge, 
again Avithout any sutures. Tavo animals died of empyema, but the remaining 
thirteen survived. After saci'ificing the animals it Avas demonstrated that the 
repair would tolerate intrabronchial pressiu'es much higher than those occurring 
normally. Microscopy demonstrated fairly rapid regeneration of epithelium, 
complete in several weeks. The gelatin sponge seemed to act as a scaffold for 
fibrous tissue regeneration, just as the fascial grafts had in previous experiments. 

Since the completion of tliis present experimental Avork a veiy interesting 
group of cases has been published by Gebauer.® In cases of broueho.stenosLs he 
has used a graft of dermis laced Avith stainless steel Avire to reconstruct the 
posterior bronchial wall. His technique consists, briefly, in incising the pos¬ 
terior bronchial Avail at the stenotic area, alloAving this to retract, then fashion¬ 
ing an oval-shaped graft of dermis Avhich is laced AAdth No. 28 Avire to give it 
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some rigidity. This graft is sutured mto place with wire sutures to form a new, 
coutouied, posterior hrouehial wall. This method has been used in four clinical 
en.se8, all of which have been followed for a year or more. In all ea-ses there 
secnrs to be satisfactory or fairly satisfnctorj- function of the reconstructed 
segment. 

tresext exferimexts 

The i-oimrts of previous experimental work have demonstrated several 
things clearly. One is that regeneration of the trachea will occur. It seems 
that the regenerated wall Ls not complete in all elements, but does have a good 
muco.sa capable of nonnal function. There is also a tendency to i-cgencration 
of cartilage, although it is not yet clear whether or not this regenerated cartilage 
will function well in maintainbig a semi-rigid airway. Another fact demon¬ 
strated is one that might well be anticipated, and that is that there is a great 
tendency to some stenosis since the now wall is prerlominantly fibrous tissue, 
which tends to contract and thus diminish the lumen. 

With these things in mind, llie present experimental stud.v was undertaken, 
using stainless steel nnre mesh. This material was selected for several reasons. 
It has Ireen demon.strated that .stainless steel wire is quite inert and produces 
very little irritation. A-s a suture material it has been left in wounds for many 
years with no untoward effects. In the form of mesh, it has Ixieu used to repair 
large fascia-deficient heniias of the altdominal wall. Jonas' has demonstrated 
c.xperimentally that the mesh Irccomcs infiltrated and incorporated into the 
sunwtnding tissue with little or no inflammatory reaction. Fibroblasts seem 
to grow into the inteistices and thus fix the mesli ns an integral part of the new 
section of the abdominal wall. It is not completely rigid, but seems to have 
sufficient stability to prevent any recurrence of heriuation. If tliis same typo of 
healing were to take place in the trachea it would then be an ideal substance, 
.since it would mimic the function of the tracheal cartilages and maintain a 
semi-rigid ainvay and prevent stenosis. Also, wire mesh may be moulded into 
a tube of any sire, aud thus the nccessit.v of having a supply of various lengtlis 
and diameters of tubes would l)e eliminated. It would have an advantage over 
the rigid metallic or glass tube since the nire mesh could be used out.side the 
tracheal wall and would not take up valuable intnduminal space, nor nece.ssi- 
tate future removal with the possibility of subseiiuent stenosis. 

FIRST OROUP 

In this first group, mongrel dogs were anesthetixed with intravenous nem¬ 
butal aud the cerrical trachea exposed tlirongh a longitudinal incision. Two 
riTres of defects were then made. In some, one-half the circumference was re¬ 
sected, and in othei-s the entire circiunferencc (a segment) was resected. AH 
the defects were made to e.xtenJ over at least five tracheal cartilages. These 
delects were considerably larger than any of tliuse previously reported, with the 
exception of Daniel’s group of intratlioracic cases. Wire mesh (No. 10 or No. 
80) was then ivrapped around tlie entire trachea to form a tube outside the 
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tracheal wall. No attempt was made to approximate the cut ends in the cases 
of segmental resections. Interrupted wire sutures were then used to suture 
the udre to itself, forming the tube, and to the trachea. The wire overlapped 
the edges of. the defect by approximately two rings at each end, and in some 
cases the cut ends were sutured as well, in an attempt to prevent any retraction. 
The cervical fascia and muscles were then sutured over this repair and the skin 
closed. 

No specific postoperative care was given, with the exception that a few were 
given systemic penicillin during a time when respiratory infections seemed to 
be quite prevalent among all the animals. 

Some subcutaneous emphysema was anticipated since there had been no 
attempt at airtight closure, but surprisingly there was none. 

SUMMARY OF RESULTS IK FIRST GROUP 

There were ten animals included in this group ivith four deaths. One death 
was due to overdose of anesthesia, one from a massive wound infection on the 
sixth postoperative day, and two from pneumonia on the second and tenth post¬ 
operative days, respectively. It did not seem that any of these deaths were 
directly atti'ibutable to the type of operative procedure with tlie possible ex¬ 
ception of the ease of wound infection. 

The remaining six dogs were sacrificed at periods var^dng from six weeks 
to five months. The one sacrificed at six weeks showed almost complete epi- 
thelization grossly. The two sacrificed at eight weeks showed grossly complete 
epithelization, and in one there was evidence of regeneration of cartilage. 
In one of these, one-half the circumference was resected and this trachea showed 
no loss of diameter and only slight evidence of scarring. In the other, a com¬ 
plete segment had been resected, and here there was very slight narrowing with 
a small area of granulation tissue on the anterior wall. However, there was an 
adequate lumen, and no evidence of respiratory obstruction. The dog sacrificed 
at four months, illustrated in Fig. 1, had an entire segment of trachea excised, 
and here there was complete epithelization except for some piling iq) of sear 
tissue anteriorly, which did not appreciably influence the size of the lumen. 
There was also regenerated cartilage (Fig. 2). The same results were found in 
the animals sacrificed at five months. Both of these had complete segments ex¬ 
cised, and in both tliere was complete epithelization except for the piling uj) 
of scar tissue anteriorly. One of these is illu-strated in Fig. 1. 

In summary, epithelization appeared to be nearly complete in six weeks 
and complete in eight iveeks. However, there was a tendency to an excess of scai 
tissue in the anterior portion of the wall in those dogs having entire segments 
resected. In only one of these was there any evidence of olistruction, and this 
was only wheezing. In two dogs the wire had lieen crushed with consequent 
diminution of the lumen. It is believed that this occurred from being picked 
up by their chain collai-s. This comiflication, although not too likely to oceui, 
must definitely be kept ui mind. Probably some remoulding could have been 
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(loiio oiuloscopiciilly 01- liy I'cuiK'nilion. lii all tlie cmica tlic wire mesh had Ijceii 
iufiltrated hy flhi-oiiH tissue, and appeared to maintain the newly formed wall 
us a semi-rigid tul)e. 

It wu.s diffleull to obtain .scetioms for niietaweopic .study since the wire could 
not be sT'ctioned and tis,sue eoiild he ohtainerl only by .stripping it away from the 



1 .—LvfL IJntlro sognjcnt tlx rlnpt (XI cni.) naectthl. Sacrifleed at five niontha. 
Right Kntlre ttvnicnt rloc* (X3 ent) rceocieil. Sacrificed at four month*. In both there 
It aInKitt complete regeneration ultli re>i>pI(h<dlsatlon except for elight piling up of granu' 
Intfon tlAflUO antorlorl)'. 



Klg. 2.—Pliotomlcrogrupli of repenomtotl wall (2i}0x) after four month*. 
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mesh, to which it was quite adherent. Even so there was microscopic proof of 
normal respiratory epitheliimi in several. There was also both gross and micro¬ 
scopic e'vddence of regenerated cartilage. 


SECOND GROUP 

In the second gi’oup, mongz-el dogs were anesthetized with inti'avenous nem¬ 
butal, an endotracheal catheter was inserted, and artificial respiration given 
vith intermittent positive pressure air. The right chest was then opened and 
the thoracic trachea exposed and freed, usually after sectioning the azygos vein. 
Similar segments of thoracic trachea were then excised, consisting of either one- 
half the circumference or the entire segment. AVire mesh was then wrapped 
around this defect with no attempt being made to approximate the cut ends. 
Again this mesh was sutured to the trachea and to itself with interrupted wire 
sutures. In the first case the parietal pleura was sutured over the reeonsti-uction. 
This obAGOusl}' did not form an airtight closure, and tlierefore several other 
methods of obtaining aiifightness were tried. Free grafts of pericardium or 
skin were placed around the ■wire mesh and sutured to form an airtight covering. 
The chest was then closed and the pleural space aspirated. In most of these 
cases penicillin was given both b.v local instillation and systemically for a period 
of several days. 

SUJUIARY OF RESULTS IN SECOND GROUP 


In this second group of eight animals, in which segments of thoracic 
trachea were excised and repaired, the results were rather disappointing since 
only one animal survived more than nine days. In the fii’st animal, the repair 
was covered noth pleura and this allowed leakage almost immediatelj’^ ivith rapid 
demise of the animal. In the second animal, a graft of pericardium was used 
and this resulted in a good repair. However, in subsequent animals this could 
not be reduplicated. One animal died on the second postoperative day of pneu¬ 
monia, vdth what was still an airtight repair. Another, was sacrificed on the 
sixth postoperative day since the wire mesh had not overlapped the cut ends 
of trachea sufficiently and had slipped, so that one edge of the mesh jutted into 
the tracheal liuneu and caused obstruction. In this repair, however, there 
seemed to be no leakage. The remaining four deaths were due to leakage. In 
one, immediate leakage produced anoxia which led to cardiac arrest; in another, 
death occurred on the third day; in another, on the seventh day; and in the 
fourth, on the ninth day. The dog has a completelj' unstable mediastinum so 
that pneumothora.x on one side results in a bilateral atelectasis and thus it seems 
that even the most minute leak will result fatall}'. 

In one dog (see Pig. 3), a defect of foiu- rings (1.5 centimetei-s), one-half 
the circumference was made. This rvas repaired with wire mesh covered liy R 
free graft of pericardium. This dog recovered and remained completely well. 
After four and one-half months he was used for another experimental procedure. 


and at this time was intubated iHthout difficult}", 
ficed and it was found that there was absolutely no 
appeared to be grossly eomplete epithelization 


Following this he was sacri- 
dimiuution of lumen. There 
and some i-egeneration of 
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ejirtiliigc. Tliis ilhisinilioii scciiih to uliow sonic Imre wire nicsli, liiit tills is only 
becuuso of trensilluiiiiiiiition. Tlic iiicsli was intilirntod b.v fibrous tissue and, 
altbougb the wall was not so Ibick as tlic ro^eneiated eervieal trarbeal wall, 
it was eomplotcly adeiiuate. ilierosoopy did not show epitbolium, but this is 
nut surprising since tbo epithelium was stripped away from the niesb, to which 
it was ipiite adborent, and tliias was daniagcrl making adequate sectioning im- 
liossible. This result was considered satisfactory for all practical purposes, 
since it was completely airtight, the mucosa smooth, and the lumen normal in 
caliber. 



Fiff, 3.—Defect of four rino. one-hulf the clrcunifercnco of the thoracic trachea Ju*t 
eup>*rior to the carlno. Sacr((lce<.l at four and one^balf ntontha. No narrowlne and coDiplete 
tipItlielUutlon with be^nnlng rei^enoratton of cartllajte. (Wire nieih visible through Intact 
epitholluni.) 


THIRD GROUP 

In the third group, mongrel dogs wore anesthetized with intravenous nem¬ 
butal, an endotnicbeal catheter was inserted and artificial respiration given ivith 
intermittent positive pressure air. The right chest was then opened and a rigid 
pneuinouectoniy done. Either part or all of the cariun was then resected so that 
a defect was formed whieli involved cither the lateiTil lialf of the distal trachea 
and Carina, or tile entire distal trachea and carina. This was done to simulate 
a situation which is seen clinically. In some cases of carcinoma of the right 
hrancluis tliere is extension to the caiiiia or the lateral wall of the trachea. Such 
a lesion would bo resectable if a method of anastomosuig the trachea and left 
bronchus were available. These defects were then closed in a manner similar 
to that used in the second group, by making no attempt to approximate, but 
by bridging the defect with a tube of wire mesh. In Uiis case tlie tube was 
tapered from the larger diameter of the trachea above to the smaller diameter 
of the left hi'onehus below. The Avirc mesh was found to be particularly suitalile 
for this tapeiTug. The mesh was sutured to the trachea and bronchus ivith inter¬ 
rupted wire, and tlieu this area was wrapped with a fidl tluckness skin graft 
which was sutured, or, in some cases, held by purse-string sutures at the ends 
and circular ligatm-es in the ndddle. Again in these eases the animals were 
given peiueillin lij- lo<‘nI instillation and systemieally for several days. 
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SU.MJIARY OF RESUHTS IX THIRD GROUK 

Again ill this group the results were rather disaiipoiiitiiig, since only one 
of the eight animals survived. One died of operative sliock due to blood loss 
wliich occurred when the ligature on the pulmonaiy arteiy slipped. Thvo died 
of cardiac arrest, secondary to anoxia associated with leakage and obstruction, 
respectively. The remaining four deaths were due to leakage which occurred on 
tlie third or fourth postoperative day. Again, even a small leak would result 
ill a pneumothorax with contralateral atelectasis. 



FI&. 4. 



Fitr- 5- 

Figs. 4 and 5.—-Right pneumonectomy with resection of one-half the carina and the J^^h^ 
lateral naif of the distal trachea to four rings proximal to the carina. Sacrificed at six 
montlis, ^lucosal surface shows only beginning epithelization at edges with some bare wire 
mesh. External surface shows skin graft which apparently has been replaced by scar tissue. 
Repair completely airtight with no narrowing. 


The survivor (see Figs. 4, 5, and 6) had a defect produced which included 
the lateral half of the circumference of the distal trachea and carina, extending 
to four lings above the carina. The wire mesh was placed and then covered with 
a full thickness skin graft which was sutured with interrupted wire. This 
animal remained completely well with no evidence of respiratory obstruction, 
and was sacrificed at six months. There was no diminution of the lumen, and 
the area of repair was quite clean. Kegeneration had hcgiin at the edges of the 
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(Icfeel but wa.s nut eoiuplete, and n small Avhidow of bare wire incisb remuincd, 
wliiub was airti({bt because of its haviiip been iiiflltrutcd by fibrous tissue. The 
.skin graft ui)i)earcd to have become a tliiii sheet of sear tissue, but microscopy 
demouatmte<l .some of tlie dermal appendages still intact, although there was no 
demonstrable ei)itbelium in the section studierl. Although healing was not com- 
l)lctc, tins was still cousidcrctl to be an entirely satisfactory result since the 
reeoiLstruction functioned well and there was no diminution of lumen. 



KJe. C.—Photomicrograph of burled skin graft after six months. Tliere Is a fibrous stroma 
with scattering of cJironIc Inflammatory coll*. dlIat<^<l ■tructurc* resembling sweat glands, and 
H few sebaceous glands. No actual opithelluni remains. 


CldNICAI. CAHKti 

This iiictlKHl oi repair lias been used to a Uailtod extent in two clinical mses whirli 
will be presented briefly. 

Case 1.—A 42-ycM*old woinnu waa uilniittoil to the hospital with on nmlifCercntialcd 
aircinonia of the tUjTOid which invn«le<l tho anterior wall of the tmclico. A thyroidcrtoniy 
WHS done, and a iwrtion of tlic anterior wall of the trachea was resected. This defect in 
tlio trachea was repoiretl with no. 40 wire mesh by merely .Ruturing it o\-cr tlio defect, over¬ 
lapping tho cut edges by approximately 1 to 1.5 ceutUnetors. Tho wiro was not wrapped 
completely around the trucliea ns had been done iu tho experimental animals. Tho wound Nvas 
clo>e<l by suturing tho prolnichenl mOM'lei and skim A tracheotomy a-a# done below this 
point of rwonstructimu The joitient hiul un uneventful convalescence and had no ovidenco 
of tmeheal olw'trurtion, wearing u phig In the tmehcotomy tul»e. In four weeks this nren 
was examlnefl bv direct hiryngOM-opy, and thero appciiietl t<t be com[ilete legenemtion of 
nonmil epitbelium. There was only '•light diminution in cnilhre due to sliglit fliittenlng 
anteriorly. This jmtleut suli>.eiiuontly wuh found to Imvu u pulmoiiaty* meluHtusis, uiid after 
six montlw tlioni was local revurn-nce iu the neck, with eventual roinvolvemeut of tho trachea 
and ohbtruction, necessitating tho uso of tho tmeheotoiny. Unfortunately, no nntoiuy nni 
obtained after the patient’s death. 
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Case 2.—A SS-year-old man was admitted to tlic hospital with a traelieal fistula. He 
liad had a tracheotomy which had been closed on two occasions, only to break donm and 
reopen. The trachea was exposed and no. 40 wire mesh sutured over the defect. The 
pretracheal muscles and fascia were then sutured over this. The patient had an uneventful 
leeovery and remained well for eight months, althougli he failed to return for follow-up 
after that time. 

CONCLUSIONS 

This method of repair of traeheai and bronchial defects which has been 
described has been used on a nundier of experimental animals and on two clinical 
cases. The results in the cervical trachea are rather encouraging. There were 
no deaths directly attributable to the ty’pe of procedure used, and regeneration 
of the tracheal wall and mucosa seemed to be at least fimctionally satisfaetoiw. 
The wire mesh became an integral part of the regenerated segment, and main¬ 
tained it in good functional position as a semi-rigid tube. In some cases there 
was an overgrowth of fibrous tissue along the anterior wall which occasionally 
produced a minor degree of obstruction. This seemed to occur only in those 
cases in which an entire segment was resected, and it is cpiite possible that if this 
were used elinicallj’' such redundancy could be corrected by endoscopic cauteriza¬ 
tion. The crushing which occurred in two animals due to rough handling is 
something not likely to occur in human beings, and could still possibly be cor¬ 
rected endoscopieally or by reoperation. In the two clinical cases, the method 
seemed to work well. 

There are several possible clinical applications. In cases of malignancy 
involving the tracheal wall, as illustrated in one clinical case, the wall could be 
resected and reconstructed. Also, it may be of benefit in the closure of tracheal 
fistulas as demonstrated by the second clinical case. It may also find application 
in cases of tracheal stenosis, where the entire segment could be excised and then 
reconstructed. 

The results of its use in the thoracic trachea seem rather disappointing, 
since there were only two survivors in this experimental group. However, 
nearly all of these were due to leakage and, since the dog has .such an unstable 
mediastinum, even the most minute leak is fatal. It is possible that this would 
be handled in the human patient by continuous aspiration until .sealing, just 
as is done follovdng some segmental lobectomies or for bronchopleural fistula 
following lobectomy. In the two animals that survived, the result was entirely 
satisfactory. 

Although this method of repair could certainly not be advocated for trial in 
the thoracic trachea of the human patient at this early date in its experimental 
development, still one might postulate some possible applications. The most 
obvious application would be its use in malignancy to enable one to do a vider 
resection and then reconstruct any trachea which had been sacrificed. It is 
conceivable that this might be applied to bronchial lesions, such as In-oncliial 
stenosis, either by resecting an entire segment or part of the circumterencc ot 
the stenotic area and reconstructing an adequate conducting passage. -Also 
there have been a few cases in which bronchi have been eroded by compression 
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due to adjni-cnt largo lyiiipli nodes. This wire rceonstruetion might Im tiscd 
mei'cl.r to reinforce such an area of .softening without actual resection. 

In comparing thi.s metthod to that of an intrahmiinal tube, the obnoiis 
advantage is that the wire me.sh more closely approximates the function of the 
tracheal cartilages and m a part of the regeucrated wall mther than a foreign 
body within the tracheal lumen. The disadvantages are just as obvious in that 
the wire mesh repair is undoubtedly more difficult and time-consuming than 
the ligation of cut ends over a solid tube. Also the difUeulty in maintaining 
airtigbtuess must l)e eon8iderc<l. 

It may be that a combination of the two methods ns suggested b.v Brown” 
would be more elfcctivo in the thoracic trachea. An intraluminal tube could 
la; used to carry the ])aticnt over the time necessarj' for obtaining complete 
airtightness by fibrosis and then could be removed, leaving the wire mesh 
imbedded in the new wall aud preventutg later cientricial eontraeturo. 

This paper Ls presented ns a preliminary rather than a complete report. 
Additional work is Iming eontcmplnled. and it is hoped that this present work 
will interest others to combine it with some of their studies, so that eventually 
there may bo a relntivel.v simple and satLsfactor.v method of trnehoul rceonstrue- 
tion to use in the human iintient. 
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The patients, lioth thoracoplasty and scapulectomy, were men ranging in 
age from 20 to 62 yeai-s, -tthth the greatest concentration in the 20 to 29 year 
age group (37 per cent) and in the 40 to 49 year age group (34 per cent). The 
average age was 36.8 year’s. 

C4oniometrie measurements were made on all patients studied, and all but 
three scapulectomy patients had roentgenograms of the scapulae. To the best of 
our knowledge all patients had normal shoulder girdle functio]i preoperatively. 

SCAPULOHUMERAL RHYTHM 

It has been observed roeutgenographically^ that during the movement of 
abduction of the humerus both the scapula and humerus participate from the 
start. Except for individual variability during the first 30 degrees of abduction, 
tbe relationship between movement at the glenohumeral joint and the scapulo- 
thoracic joint remains fairly constant. For each 15 degrees of abduction of the 
humeins, 10 degrees of motion takes place at the glenohumeral joint and 5 de¬ 
grees is contributed by the .seapulothoraeic joint, up to the full excursion of 
movement to 170 to 180 degrees. Throughout arm abduction the scapula re¬ 
mains in close contact with the chest wall and it rotates outward and upward, 
the inferior angle monng toward the axilla. 

i\Iost of the findings relating to the disturbance of scapulohumeral rhythm 
were gained from clinical observations. 

NATURE OF SURGERY 

The thoracoplasties performed at Ca.stle Point entailed a five or six rib 
resection in two stages or a seven or eight rib resection in three stages, including 
the removal of the transveise processes. In most cases the posterior approacli 
was nsed through the usual hockey stick tj-pe of incision. The shoulder girdle 
musculature traumatized during surgery consisted of the middle and lower 
Abel’S of the trapezius, the rhomboideus minor and major, the latissimus dorsi 
and the serratus anterior. 

The partial scapulectomiees were performed either in conjunction with the 
last stage of the thoracoplasty or as a separate procedure (Table I). A variable 
poi'tion of the distal scapula was resected in a manner to conform to the obliquity 
of tbe uppermost intact rib. The muscles which lose part of their scapular 
attachment are the serratus anterioi’, the rhomboideus major, the subscapularis, 
the infraspinatus and the teres major. 

SHOULDER GIRDLE CHANGES FOLLOWING THORACOPLASTY 

Skeletal Changes .— 

After a thoracoplasty there occurs a variable degree of scoliosis, convex 
toward tbe operated side in the cervico-doi-sal region, and often accompanied by 
some elevation of the shoulder girdle on the operated side (Pig. 2). However, 
the shoulder may be at the .same level as the opposite side and infrequently it is 
lower (Pig- !)• Associated with a high shoulder one usually finds a deepening 
of the supraclavicular fossa. 
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Seen from a lutonil new, nii iiutcrior dLspIueenieiit of the alioulder girdle 
oil the opcnited side is often notetl. Tlie depression created by the resection of 
ribs pcmiits tlie girdle to move forward into the deeastalized area. 

On tlie roentgenogram tlie scapula on the operated side is usually closer 
to the vertebral eolumn tlian is its opposite (Figs. 1, 2). This is due in part to 



me. 1.—A C2-ycar-oia patient wlm r«elve<l a two-»taBO «lx-rlb rejection. KocntccnogrHin 
Khow* riirlit altouliler girdle lower than Ita oppoalto, and scapula U cloeor to spimir cnlunirt 
B^pulohumcml angle on loft la 37 degrees, on right 36 degrees. B, Indicates some musculnr 
atrophy In right supraspinous and Interscnpumr aroas. C and D reveal aomo disturbance In 
rl^ht scnpulohunjerul rhythm as evldeocwl bv protruding vertebral border ami superior angle 
of scapula, but arm abfluctlon Is about equal bilaterally: IB6 degrees on left. 16» degree* on 


of scapula, 
right 


a medial disiilacement of the seapulu and in part to tlie scoliosis with its con¬ 
vexity toward the openited side. 

Jlcasui-ement of tlie scapnloliumond angle on tlie oiierated side of tlie ten 
representative tlioriieoiilusty patients showed an insignificant difference from 
that of the nonoperated side. The diffei-enee ranged from minus 1 degree to 
pins 5 degrees, with an average deviation of plus 2.3 degi-ees. 
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A posterior view of the patient often reveals a groove on the operated side 
between the vertebral border of the scapula and tlie vertebral eolumii, with 
some degree of prominence, posteriorly, of the vertebral border of the scapula 
(Figs. 1, 2). The groove is due to atrophy of the trapezius and of the rhom¬ 
boids in the line of incision. When sufficient ribs have been removed to allow 
the whole scapula to sink into the decostalized area, a depression is commonly 
observed on the upper chest wall, especially in the thin patients, and the verte¬ 
bral border of the scapula is no longer prominent. The heavy-set patients 
usually fill in the crests and crevices created by surgery, and their outer bodily 
contour is less disfigured. 

Changes in Muscle Function .— 

Experience has shown that, with the exceptions due to complications, the 
thoracoplasty i^atients gain normal (Fig. 1) or near normal range—within 15 
to 20 degrees—of shoulder girdle movement as compared to the nonoperated 
.side (Fig. 2). 

The degree of loss of abduction of the ten representative thoracoplasty 
patients ranged from 0 to 18 degrees, with an average lo.ss of 5.1 degrees. 

Often the Imitation of movement, when present, is due to soft tissue re- 
si.stance, especially of the incised lati.ssimus dorei, which can usually be over¬ 
come with pereistent effort. 

A common finding following thoracoplasty is a slight disturbance of scapulo- 
humeral rhythm associated with either normal or with some degree of limitation 
of shoulder girdle movement. This disturbance is evident during humeral ab¬ 
duction, at which time the vertebral border of the scapula is observed to protrude 
somewhat posteriorly from the chest wall (Figs. 1, 2). 

SHOULDER GIRDLE CH.VXGES FOLI.OWING THOR.VCOPL.VSTV COMUINED WI'L'H 

p.\RTiAL sgapulecto:mv 

Skeletal Changes .— 

The partial scapulectomies performed at Castle Point consisted of the I'e- 
section of a vaiiable portion of the distal scapula, at a higher level medially than 
laterally. On the roentgenogram of the scapulae it was difficult to measure how 
much of the scapula had been excised because its vertebral border was often 
obscured by the regenerated ribs. 

All of the roentgenograms made of tiic twenty scapuleetomy patients have 
shown a medial and anterior displacement of the scapula on the chest wall 
(Figs. 3, 4, 5, 6, 7, 8, 9). 

Sixteen of the 20 roentgenograms show some degree of elevation oi the 
shoulder girdle on the operated side (Figs. 3, 8). An anterior view of the pa¬ 
tient shows a deepening of the supraclavicular fossa accompanying the elevated 
girdle. 

Seventeen of the twenty roentgenograms present a significant difterence 
between the operated and nonoperated sides in measurements of the scapulo¬ 
humeral angles, as compared to the roentgenogi'ams of the thoracoplasty pa¬ 
tients. The difference in the scapulohumeral angles of each scapuleetomy pa 
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opornted senpuln is higher than its op)>ositc mcmljer, the arm ns a whole is quite 
percoptihly nt a lower level (Pigs. 3, 4). Undoubtedly, when this occurs, the 
surgical damage to the scapular rotators is tlic cause; this trill he discussed later. 

As abduction continues beyond 90 degrees, in these patients, the arm of the 
operated side moves anteriorly toward flexion, the patient heiug unable to 
stabiliic the shoulder girdle in the position of humeral abduction (Pig. 3). 

When the scnitulectomy jtationt has reached the maximum possible range 
of nltduetion, and if limitation of movement is jtresent, the extremity can 
usually be movctl pa.ssivcly to the full range but the patient is unable to main¬ 
tain it there without mssistnuce. The cxti-emity tires easily in the elevated po- 

A. B. 



FIff. —A 23-ycar»olil patient who had flve and one-lmlf rlbj rcacctenl In two Btace*, and 
*'■, »capulectom}' durlnpr the lecond Roenlffenogram ihow* right i«capula dia- 

Piftced anteromo<lJallr and roiatetl Inwnrtllr, with the auperlor angle elevated. Left acnpulo- 
numeral angle meoaure* 64 degreea, the right 83 degree*. B ahowa deprtsMlon on right upper 
where *copula ha* been dlaplocotl anteriorly. At 90 degrees of arra abduction the 
o^rateu ahoultler girdle urcsent* a prominence of the vertebral bonier and n lag In *cnpular 
Right scapula Is elevated and the arm 1* nt a Imver level than Its oppoidte. Arm 
abduction on left u 18S degree*, on right 100 degree*. 
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sition and must lie brought do^\^l to rest. Even after six to eight weeks of daily 
physical therapy the attainment of active full range of shoulder girdle motion 
is not possible due to the limitation imposed by the surgical procedure. 

Sixteen of the twenty-three scapuleetomy patients showed a significant 
difference in the degree of abduction loss when compared to that found in the 
thoracoplasty group. The amount of restriction for the whole scapuleetomy 
group ranged from 2 degrees to 85 degrees, with an average loss of 35.7 degrees. 
The thoracoplasty patients displayed an average loss of 5.1 degrees. 



A. B. 

Fig. 5.—A 44-year-ol(J patient wlio had a three-stage, seven-rib resection and a partial 
scapuleetomy In conjunction with the last stage. Left scapula Is displaced anteromedlally, 
rotated Inward, and the superior angle elevated, as seen on the roentgenogram. Scapulo¬ 
humeral angle on left Is G3 degrees, on right 42 degrees. In B the arms are abducted to their 
limit. Left scapula Is elevated and the vertebral border protrudes posteriorly. Abduction on 
left Is 72 degrees, on right 157 degrees. 

There appeared to be no consistent relationship betiveen the scapulohumeral 
angle and the degree of abduction loss on the operated side. For instance, the 
patient with the greatest difference between his two scapulohumeral angles, 
that of 29 degrees, displayed an abduction loss of 63 degrees (Fig. 4). The pa¬ 
tient with the gi'eatest loss of abduction, 85 degrees, shoived a 21 degree differ¬ 
ence in scapulohumeral angles (Fig. 5). The patient -with an 81 degree loss 
of abduction gave a scapulohumeral angle difference of onlj'’ 11 degi'ees (Fig. 6). 
Still another patient with a 7 degree loss of abduction had a difference of 16 
degrees in scapulohumeral angles (Fig. 7). 

The question arises; “What are the factora that cause the increase in 
scapulohumeral angle and the degree of restriction of arm abduction?’’ 

DISCUSSION 

The disturbance of scapulohumeral rhjdhm observed on the scapulectom.v 
patients is intimately related to the increase of the scapulohumeral angle and 
to the degree of restriction of humeral abduction. Let us examine closely the 
muscular dysfunction underlying these changes. 
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Scnpulnr rotation during arm abduetion normally elieits contraction from 
two groups of muscles, an upper and a lower groujid The n])per component, 
consisting of the lemtor scapula, the upper fibers of the tmperius, and tlie ujiper 
portion of the serratus anterior, is not nearly ns much disturbed during thoraco¬ 
plasty and partial scapulcctomy ns is the lower component; i.e., the lower fibers 
of the trapeziits and the lower digitations of the serratus anterior. 



A. B. 

6.—A 68*>‘ear>oM patient wbo undenvent a tbree>«ta£e, Mven>rib resection and a 
partial scapulcctomy- with the last sta^ Roent^eDOfirajn displays an anteromerllal displace* 
ment and Inward rotation of left scapula. Scapulohumeral anRie on left Is 46 <IeRrcc8, on 
rl/rht 34 doCTOcs. In B left scapula Is elevated and the vertebral border protrudes posteriorly. 
Abduction Is limited to 74 decree* on left, 166 dCRreos on right. 



A. D. 

Fig. 7.—A 23-year-old patient who had a two-stngc. slx-rlb thoracoplasty and a partial 
fcapulectomy with the second stage. Roentgenogram shows an anteromedial displacement and 
Inward rotation of left scapula. Lelt scapulohumeral angle measuros (l degrees, the right 
47 de grees. Range of arm abduction on loft Is Iffi degrees, on riglit 173 degrees. Some 
prominence of left vertebral border of scapula Is evident. 
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Trapezius and Serratus Anterior .— 

The relationship between the trapezius and the serratus anterior in shoulder 
girdle movements is a most interesting one. Normall}^ the two muscles act 
simultaneously to rotate the scapula dui-ing abduction of the humenis. Wlien 
the trapezius is paralyzed, as in a spinal accessory nerve lesion, the serratus 
anterior alone is capable of rotating the scapula completely on the thorax and 
thereby permitting full range of abduction.'*'® However, when the serratus 
anterior is completelj^ invoh^ed, as in a long thoracic nerve lesion, the trapezius 
alone is incapable of rotating the scapula, and the humenis cannot be abducted 
■much beyond a right augle.^'® 

Norihal scapulohumeral rhythm requires the coordinated eftort of all the 
shoulder ^rdle muscles. However, if one may designate the relative importance 
of the vai’ious shoulder girdle muscles, the most impoidant one, in the authors’ 
estimation, is the serratus anterior. Withoutjiits function the shoulder girdle 
siilfers greater, disability than when any other single muscle is paralyzed.® 

Scapulohumeral Angle .— 

Particular attention is dravpi to the function of the serratus anterior since 
this seems to be such a significant factor in the cause of the increased scapulo- 
humeral angle and the limitation of abduction following partial scapulectomy. 

Spalteholtz® notes that, of the three portions of the serratus anterior, thei 
lowest portion, which includes the fourth to tenth digitations and converges to 
the inferior angle of the scapula, is the strongest. 

Special cognizance is taken of the fact that the greatest concentration of 
the serratus anterior fibers occui’s at the inferior angle of the scapula, and it 
is precisely this area that is excised during a pai-tial scapulectomy. 

Here is a good reason for the increase in the scapulohumeral angle after a 
partial scapulectomy. Normally, at rest, the serratus anterior maintains the 
scapula close to the chest wall and its vertebral border parallel to the spinal 
colunui. The loss of function of the lower fibers of the,serratus anterior causes 
the scapula to rotate inward, the inferior portion moring closer to the vertebral 
column, with the angle between the humeims and the lateral border of the 
scapula (the scapulohumeral angle) thereby increased. On the roentgenogram 
the superior angle of the scapula is higher than its opposite (Figs. 3, 4, 5). 

Probably the degree of inward rotation of the scapula is influenced by the 
amount of the distal scapula resected and by the manner of resection. The pa¬ 
tient vdth the greatest increase of scapulohumeral angle appears to have had 
more than the usual amount of the distal scapula resected (Fig. 4). Those 
who showed a lesser increase of the scapulohumeral angle probably had less of 
the scapula resected. It was not always possible to distinguish on the roent¬ 
genogram how much was resected. 

Of those scapulectomy patients who displayed no change or an insignificant 
change in the scapulohimicral angle, the manner of resection may have been 
modified. Tliis was definitely the case in an operation observed by one of the 
winters (H. B. D.). The inferior angle and the medial and lateral bordei’s ad¬ 
jacent to it were “trimmed” rather than resected in the usual manner. On the 
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roentgenogram (Pig. 8) the scapula appears somewhat shorter tlian its opposite 
member hut it retains something of its original configuration. In this instance, 
with the vertebral border relatively little disturbed and with less of the inferior 
angle removed, not only did the .scapulohnmcral angle show little ehange (3 
degrees) hut arm abduction showed a correspondingly negligible loss (6 degrees). 

Degree of Abduction .— 

■Without scapular rotation the complete range of arm abduction is not 
possible. Scapular rotation and arm aMuction will he interfered with to the 
e.vtont that the lower filters of the serratus anterior lose their area of insertion 
and with it their effective leverage on the scapula. Furthei-morc, the lower 


A. n. 



O. D. 

Fir. g.—A 4fi-year-ol(l patient who liaO a three-HtAffe, »even-rlb thoracsopla^ty ot another 
Institution, and a partial »capalectoniy at CaatJe Point RoontRcnopram re\‘cnl» on antero¬ 
medial Ulaplacement and elevation of left scApuIa. Scapulohumeral anslo on left !■ 36 deffroea, 
r^ht 13 deCTcea. B ahow* depreMion In left upper cheat wall where scapula haa ntoved 
anteriorly Into deco*tall»etI area. In C the acapulne and arm* appear to bo almost aymmetrical 
m poeltJon, with a alight dlaturbance of ecapulolmmeral rhytlim' (loft vertebral border of 
*capula protrude* poaterlorly). Full arm abduction rfve* a reading of 161 degree* on left 
*md 166 degrees on right Dlfferonce In range of abduction appear* to be greater than ac¬ 
tually duo to deviation of liead and neck to riglit 
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fibers of the trapezius are weakened by the thoracoplasty and this in turn makes 
its contribution to the shoulder girdle dysfunction. 

Involvement of the serratus anterior and of the lower trapezius manifests 
itself during arm abduction as a disturbance of scapulohumeral rhytlun, the 
scapula momng upward on the chest Avail and its vertebral border protruding 
posteriorly. 

It has alread}’’ been mentioned that there Avas no consistent relationshiii be- 
tAveen the increase of scapulohumeral angle and the degree of abduction Limita¬ 
tion. Occasionally some cause for diminished abduction may lie in the per¬ 
sonality of the patient. Such a personality maj" be described, characteristically, 
as tense, apprehensive, and intolerant of pain. 

The concept of the mechanism at work in this tj’pe of patient is that the 
surgical trauma, induced on a musculature alreadj’’ hypertonic, tends to increase 
the existing muscular tension. In addition, the low tolerance for pain dis¬ 
courages the patient from moving the extremity beyond the pomt of pain, 
however slight it may be. He tends to protect and favor the operated side. 
When the arm is moved it is done so reluctantly, the apprehension serving to 
increase reflexly the tone of the muscles antagonistic to those of tlie particular 
movement desired. When it is abduction of the humerus that is desired, the ad¬ 
ductor's of the himrerus—^the pectoralis major and the latissimus doi-si—increase 
in tension. 

If this sort of reaction peimsts for any length of time one may AveU expect 
adlresion formation betAveen the scapula and the adjacent tissues on the thoracic 
Avail. Once this occurs the restriction in movement is marked and difficult to 
OAmrcome. The patients in Pigs. 5 and 6 illustrate just this condition. 

Other Factors Affecting Shonlder Girdle Function .— 

It should be noted as well that trauma to the various shoulder girdle 
muscles, other than those already discussed, contributes to shoulder girdle dys¬ 
function. WTien the scapulectomy patients reach their indiAudual limits of 
abduction, the affected arm often tires easily in that position. This may be due 
partially to the Aveakening or loss of action of the teres major in its capacity of 
assisting the arm to maintain a static position.® 

Quite often it is observed that during abduction the arm advances tOAvard 
flexion as it is elevated beyond the right angle (Pig. 3). Interference Avith the 
function of the serratus anterior Avhich normally maintains the scapula close 
to the chest wall and of the rhomboids and the middle fibers of the trapezius 
AA'hich ordinarily fix the scapula in their plane of action preAmnts proper fixation 
of the scapula, thereby permitting fonvard movement on the chest wall during 
humeral abduction. 

The subscapularis and the infraspinatus muscles are someAvhat affected by 
a partial scapulectomy and this, too, probably Aveakens moA'ement at the gleno¬ 
humeral joint. 

A preAGous study of thoracoplasty patients’ indicated that age is not a 
significant factor in relation to the degi'ee of skeletal deformity or in the changes 
of shoulder girdle function. Similarly, no relationship betAveen age of patient 
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tiiid Hlioiilclcr (rii-dlc cliniipes oouW he found in the coin|mi'nlivel.v smiill number 
of pnticnl8 included in lliis study. 

TJie muscidiir devclopnicut of llic imtieiit liel'oro .sui'gery is a more important 
factor. Tliis is best illualnitcd by a patient (Kig. 9) wlio was oripinally listed 
as liavint; lind a tlionicoplasly only. Uimn e-xamination the shoulder (firdlo on 
tlie operated side Itchavcd like that of a thoracoplasty patient with normal range 
of movement. However, tlie roentgenogram of tlie scapulae showed a difference 
of 17 degrees Irntwecn tlie two scn])uloIiumeral angles, wliicli is a greater differ¬ 
ence tlian tlint found witliin the range of tlie representative thoracoplasty pa¬ 
tients. The roentgenogram further revealed a difference in the outlines of the 

A. D. 



a, D. 

9.—A 37-year-oId patient who underwent a ili-rlb thoracoplasty and a 

Partial »capuIectomy In conjunction with second stage. On roentgenograni right scapula Is 
unlaced anteromotlJally and rotated Inward. Scapulohumeral angle on left li 41 degrees, on 
60 degroea Depression In right upi>er chest wall Is apparent In B. Right shouJder 
girdle Is elevated slightly. AMuctlon of arms In C and D shows them to be equal and 
frnimctrlcal, with a aUglit protrusion of vertebral border of right scapula^ Abduction on left 
^ 178 degrees, on right 177 degree*. 









PULMONAEY DECORTICATION FOR CLOTTED HEMOTHORAX 
FOLLOWING IDIOPATHIC SPONTANEOUS HEMOPNEHMOTHORAX 

Gabriel P. Seley, M.D., and Harold Neuhop, M.D. 

New York, N. Y. 


T he treatment of clotted hemothoi-ax bj’^ pulmonary decortication has become 
an accepted and often practiced procedure since World War II. Williams^ 
reports a ease of spontaneous pneumothorax udth hemorrhage treated by decor¬ 
tication in 1947, and mentions a similar case I’eported by Elrod and Murphy^ in 
which the patient was operated upon also in 1947. These latter authors' believe 
that their case is the first of this type to have been subjected to decortication. 
In a presentation on Feb. 18, 1949, before the New York Society for Thoracic 
Surgeiy, one of us (GPS) briefly mentioned a case of a patient with spontaneous 
hemopneumothorax treated by pulmonary decortication by Dr. Harold Neuhof 
in 1936, and also included a similar case of a patient operated upon by Dr. 
A. S. W. Touroff on Feb. 17, 1946. Li order to attempt to establish priority for 
the procedure of decoidication in the treatment of clotted hemothorax following 
spontaneous hemopneumothorax, a detailed report of the fii-st case is indicated. 


Si'Story .—E. T., No. 393576. A 23-year-old wliite man was admitted to The Mount 
Sinai Hospital on May 23, 1936, for the treatment of a coUnpsed right lung. Hive and one- 
half weeks prior to admission, wliile at work as a clerk, he experienced sudden severe needle¬ 
like pain commencing in the right chest anteriorly just lateral to the sternum above the 
nipple and radiating straight through posteriorly. Pain persisted, but there was no imme¬ 
diate cough, dyspnea, fever, or hemoptysis. The following day a physician was consulted 
because of persistent pain, slight dyspnea, and vomiting. A thoracentesis was performed, and 
blood was removed from the right hemithorux. The patient was told that his lung was 
coUapsed. He was admitted to another institution and repeated thoracenteses revealed old 
blood and serum. Eoentgenograms showed complete coEapse of the right lung with air and 
fluid in the right chest. Dyspnea decreased, but he developed a nonproductive painless 
cough. Pain disappeared and did not recur. 

Physical Examination .—Trachea appeared in the midline, entire right chest moved only 
slightly with respirations, ribs were retracted, diminished fremitus was present anteriorly, 
tympany was noted anteriorly with moderate diminution of breath sounds posteriorly except 
at the base where there was flatness and absent fremitus and breath sounds. 

Lahoratory Data .—^Hemoglobin 78 per cent, white blood ceUs 12,400, polymorphonuclears 
79, lymphocytes 16, monocytes 4, eosinophiles 1. Sedimentation rate one hour and twent)' 
minutes (for 18 mm. drop). 

Eoentgenogram on May 25, 1936, showed fluid and air in the right chest with a fluid 
level at the fourth rib anteriorly, the heart and mediastinum were drawn to the right, and 
the right lung was collapsed. 

Discussion :—^Although the bleeding had stopped, it was decided to explore the chest by 
open thoracotomy in order to attempt to release the collapsed lung and restore it to normal 
function. Since this was without precedent a great deal of discussion followed, and many 
arguments were advanced in favor of the conservative method of treatment by aspiration 
and watchful waiting. A review of the literature at that time failed to reveal any similar 
attempts of treatment by open thoracotomy to release the bound do^vn lung. In fact, nmn.' 
authors were of the opinion that blood in the pleural cavity did not clot, but remained liqni 
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onj therefore was nlwnys ftlm)rl>e<l without tho formation of clot, restricting membrano, and 
resuJfont collnpse<l lung. Otiicr nuthotB clnimctl that the blood was defibrinated by the 
chnmlng nction of the heart, and the rc.’^uUniit fibrin might reafult in plearisj' and adhesions. 
As a result of these conflicting ideas, trentincnt «*onsiBtod of oUhor bed rest or ssj»imtlon of 
blood and rcpluccmout by nir. HnwcTor, tlicro were a numlxsr of autopsy ro|K)rta showing 
eollapscil lungs ns a result of previous homopncuinothorax with mcnibrano formation. We 
had had similar cipericneos in cases which had jiermunontly collapsed longs following hemor- 
rliago into the pleural cavity. In fact, at tlio time there was a patient on the same ward 
who had developed a total cholesterothomx follo^ving a steering wheel injury to the chest 
many years prior to admission, and ho required a complete Schede thoracoplasty following 
evacuation of tho cholcsterothoioi. There liad also been some experimental work in aniraals 
to show that blood clotted in tlio dosed thorax even more rapidly than outride tlie chest. The 
argument was advanced, therefore, that in view of t!je fact that blood clots in the thorax, a 
restricting membrano can and does form in ccrlnln coses, that permanent crippling of the 
lung can bo produced by this membrane, at least some attempt should be made to avoid 
this diain of events by early tlioroeotomy and removal of the restricting membrano. 

Openttion. —May 23, 1900.— Anrsthtaia: nvortin per rectum followed by gas-oxygen- 
ether by inhalation. A postcrolatornl inclrion woa made in tho seventh right intercostal space 
extending into tlio anterior axilla. Old blood clot which was present chiefly in the costo- 
plirenic sinus was remmod and the Held inspected. The collapse<l long was completely en¬ 
veloped by a brownish homogeneous membrano extending from tho prevertebral region to the 
anterior mediastinal area. Tills membrane wns removed, and the lobes completely released. 
^Vhen tho lung was inflated, It appeared perfectly nonuo). No obvious source for the bleeding 
was visualised, but it was assumed that it enroe from tho lung, Layer closure was performed 
without draiongc. Complolo inflation of the long was maintained as the thorax was closed. 

Covrse .—Postoperative coufimj was cntiioly unowntfnl. Poentgenogrnm on May 27, 19.^6, 
one day postoperative, showed almost complete reexpniwlon of the lung. On June 4, 1939, 
there was complete rpexi«maion of the long. Patient wns discharged well on the eleventh 
postoperative day. 

FolloW’-tip examinaticrus ami roentgenograms over a period of four j-enis showed a 
completely expanded normal lung and tho patient remained sj-raptom free. 

SUJIMAUV AXD COXCLUSIOXS 

1. A detailed case rei>ort of a successful pulmonarj' decortication for clotted 
hemothorax following spontaneous hcmopiicumothorax is hei'eiu presented. 

2. Attention is directed to the fact that this procedure was performed almost 
fifteen years ago, and probably i*cpresenls the first operation of this type for 
spontaneous clotted hemothorax. 

3. Tlie rationale for the procedure and pertinent discussion is included. 
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POSTERIOR MEDIASTINAL TRACHEOTOMY 

Herbert Sloan, M.D., and R. Adajis Cowley, M.D. 

Ann Arbor, Mich. 

Case Report 

T racheal obstruction at a level so low that it cannot be relieved by the 
usual ceiudcal tracheotomy presents a difficult therapeutic problem. This 
is particularly time when the obstruction results from compression of the 
trachea by an aneui'ysm. The introduction through a cervical incision of a 
tracheotomy tube sufficiently long to pass beyond the obstraction is almost 
certain to be followed by erosion of the aneurysm and its nipture into the 
trachea. Renewed interest in the treatment of such aneurysms by polythene 
wrapping or wiinng has once more emphasized tracheal obstruction as a com¬ 
plication of aortic aneurysm.^"^ 

More than forty years ago the question of low tracheal obstruction was 
extensively discussed and several solutions to it were suggested. In 1907 
Gluck* proposed posterior bronchotomy by an extrapleural approach through 
the posterior mediastinum as a means of relieving this type of tracheal ob¬ 
struction. It is not apparent that he ever carried out the procedure.® Other 
investigators decried this approach and felt it violated fundamental principles 
of thoracic surgery.®- ‘ Instead it Avas believed the solution lay in the forma¬ 
tion of a lung or bronchial fistula®'® Avhich, we understand, Avas intended to 
mean (1) an incision into the pulmonary substance to such an extent that a 
bronchus or bronchi of sufficient caliber for retrograde respiration AVould be 
opened; (2) the amputation of a lobe or portion of a lobe sufficient to accom¬ 
plish the same purpose; (3) the transpleural construction of a bronchial fistula 
by an attempt to suture skin flaps directly to an incision in the bronchial Avail. 
Kuttner*® in 1908 first attempted to produce a bronchial fistula in a patient 
AAUth compression of the trachea from an aortic aneurysm. An upper lobe 
Avas resected and the upper lobe bronchus fixed in the Avound. This patient 
died a fcAV hours postoperatiAmly. In 1922 Rethi^ reported the formation of a 
Imig fistula by means of a tAvo-stage operation in a patient Avith tracheal ob¬ 
struction from an aneurysm. The patient lived fourteen months, tAvelve days, 
and respiratoiy exchange through the fistula Avas adequate. It Avas not until 
1929 that an attempt Avas made by Jirasek” to perfonn a posterior bron¬ 
chotomy as originally advocated by Gluck. Unfortunately this patient died 
the day folloAving operation. 

Attempts to relieA-e respiratory obstruction by posterior bronchotomy or 
the construction of a lung or bronchial fistula haAm been uncommon and, 
except for Rethi’s ease, almost uniformly’’ unsuccessful. It has been more 
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common to nttcmpt to relieve trnchcnl olistmetion hy decompressive medios* 
tiiiotomy as was siig:gestcd hy Gulckc/* and more recently re-emphasized hy 
AhboU.“ As Ai)hott points ont, however, several weeks uinst elapse foUo\v’ing 
decompression of the mediastinum before the full heneflts of the operation are 
obtained. In our patient, a 48-yonr-old man with severe respiratorj’ ohstruc- 
tion from tracheal compression hy a large aortic ancuiysin, the severity and 
steady progression of the rc.spirntorj’ obstruction and the ])eculiar deforma¬ 
tion of the trachea hy the posteriorly projecting aneuiysm made it seem un¬ 
likely that mediastinal deeom])res.siou would restore unobstructed respiration. 
IiLstead, we chose to attempt the introductiou of a tube into the trachea below 
the level of obstruction through an extrapleural approach in the posteiior 
mediastinum. The proposetl procedure was a modification of that suggested 
by Gluck many years ago. 

C.VSK REPORT 

nintorj/: J. N., U. K. No. 070024, a 48-year-oltl \vbito man, wa* nilmltte<l to the 
MtHlical Servieo of tlio UnircniUy llo^pitul on April 4, 1050, complaining of progressive dlffl* 
coUy In breathing. For itcvoral years tlie {mtlent had had frequent winter respimtory infec¬ 
tions which had increnwNl stendily in severity. During these cplsodw his cough wns produc¬ 
tive of greenish-yellow sputum, and ho was slightly d^'spnole. 

In Octol>er, 1940, tho patient had nn cxnccrlmtion of this illness. His cough became 
productive of three cups of greenish, thick sputum ench day. lie had continued fever and grew 
progressively more dyspncle. Respirations were loljorcd and necompaniod by wheezing. The 
patient had l>eon hospitalized elsewhere ot this time for eight days, receiving oxygen, penicillin, 
and streptomycin. IIo was discharged slightly Improved, but his symptoms continued. There 
had l)oen a t>ronty-flve pound weight loss. lie dcnle<l vcncreol disease. 

Phytical Examindtion: Temperature was 100.2* F.; blood pressure, 140/08; pulse, 92; 
rosplratiou, 20 (Wtored). 

On examination the patient was acutely ill and seriously dyspneic. There was an obvious 
expiratory truchrol whei'tc. Expirations were prolonged nnd forced. RAlcs woro heard over 
each lower lung field. RetroraanubrinI dullness wus incrensed. A tmchcnl tug was felt. On 
auscultation of the heart there ^\•as a probable aortic diastolic murmur hoard over the aortic 
area and along the left border of the sternum. A systolic murmur ^vn8 present in tho aortic 
area. The pnpils were small and fixed. Tliero was clubbing of tho finger*. The pp^tient ^vas 
producing about 40 to 180 Gm. of purulent sputum ench day. Ho was markedly cjitnotJc 
during frequent coughing attacks. 

Laboratory Data: Knhn, 4 plus; hemoglobin, 14.0 Qra*; red blood cells, 4.73 million; 
wldte blood cells, 16,800; urine, normal findings. 

Eo^tgenograms (whicli are not sufficiently clear for reproduction): Examination of 
the chest showed on aneurysm of tho ascending, transverse, and descending aorta with a 
posterior dilatation which pushed tho trachea posteriorly and to the right, greatly compressing 
it. There was extensivo calcification in tlio onourysraal wall. Angiocar^ograma confirmed 
thesfl findings hat did not establish definitely the points of origin of the great vessels with 
respect to the aneurj-sm. Clinngca present in the right base were stispocted of being pneu¬ 
monitis or bronchiectasis. There was no evidence of vertebral erosion. 

Course: Tracheoscopy was performed May 1, 1050. The trachea was reduced to a 
narrow sUt ut a distance of 20 centimeter* from the upper gum* by a mass projecting into the 
left tracheal wall. No pulsations of tho mass were noted. On expiration tho tracheal lumen 
was closed almost completely. Large quantities of brownish-green purulent ftecretions were 
coughed up during the procedure. The patient was given penicillin intmniuscularly 400,000 
units twice daily, and penicillin aerosol three time* daily. Tlie amount of purulent spntum 
decreased. Streptomycin, 0.5 Gm, intramuscularly twice daily, was added later. 
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On May 9, 1950, the patient was transferred to the Tlioracic Surgerj’ Service when it 
became apparent tliat tlic sjTuptonis of respiratory obstruction were increasing steadily in 
severity. On May 22, 1950, the riglit posterior mediastinum was explored and a posterior 
tracheotomy carried out. Following local anesthesia of the pharynx a small endotracheal tube 
was introduced past the major point of tracheal obstruction. The patient was then anes¬ 
thetized mth ether-oxygen in a closed system. Through a vertical incision paravertebral 
segments, six to eight centimeters in length, of the third, fourth, and fifth ribs were removed. 
Extrapleural dissection was carried out, and the trachea, which deviated posteriorly and to the 
right, was exposed. The markedly compressed trachea was partially imbedded in the aneurysm. 
A longitudinal incision was made in the posterior membranous wall of the trachea approxi¬ 
mately four centimeters above the carina. A number of Portex endotracheal tubes had been 
readied for introduction into the trachea but none could be sufiSciently angulated to keep it 
in place. The surgeon was finally obliged to use a right-angled 38 French Pezzer catheter 
after removing its tip three centimeters beyond its angle. This was introduced into the trachea 
with the open end pointing toward the main carina. 



Fig. 1.—^Photograph of the patient taken following insertion of the tracheotomy tube and sub¬ 
sequent left thoracotomy with partial wrapping of the aortic aneurysm. 

The wound was closed about the catheter after it had been tacked to the prevertebml 
fascia and the fascia of the erector spinae muscles with a few interrupted sutures of 3-0 silk. 
A Penrose drain was placed down to the area of the tracheal incision. The small endotracheal 
tube that had been used during the operation was removed. Satisfactorj' respiratory 
exchange occurred through the tracheotomy tube. Follomng operation the patient was no 
longer dyspneic, and all respiratory distress disappeared. 

Postoperatively there was no evidence of mediastinal infection or emphj’sema. It was 
possible to keep the transthoracic tracheotomy tube and bronchial tree free of secretion by 
means of a small catheter which could be passed beyond the angle of the tracheotomy tube. 
Constant "cold steam” was administered in conjunction nith oxygen. After a few dnj's 2 
c quantities of warm isotonic saline solution containing 80,000 units of penicillin were em- 
'^'loved to irrigate the tube at from one- to three-hour intervals. The bronchial secretions. 


SIX)AK ANT) COWLTn': ITJSTERIOR MEDIASTINAL TRACHEOTOMY 


605 


which had boon »o profuao immediately following operation, dimlniahed progressively in 
amount and became leas purulent in character. 

On ifny 20, 1950, a left tliomcotoray wns cnrrie<l out and tJie transrerao and descending 
portions of tho arch of the norta were wrapped with strips of polytheno film.* There was 
diffuse dilatation of the entire visible arch of the norta. The descending norta wns also 
dilated. No definite involvement of the loft carotid artery or left subclavian artery wns 



Flp. 2.—Diagram slicnving- deformity of Uio trachea pnxluceil by Iho aortic anourysni and Uic 
point of Iniertlon of the tmeheotomy tube. 

present. To the right of the vertchral column n secondary posteriorly projecting portion of 
tho aneurj’sm was found. 

The patient did well postoperatlvely on tho same regimen, but on Juno 13, 1950, it avos 
necessary to change the tracheotomy tube which had become plugged wltli drie<l secretions. 
A new tube, similar to the original, was reintroduced into the trachea through the back by 
tlireading it over a four millimeter bronchoscope and guiding tho tube into the trachea under 
direct vision. Thereafter, no further obstruction of the tracheotomy tulx* occurred. 

•l.B mil. solvent cast DuPont Polythene. NV-7-H, furnished through the courtesy of 
EX duPont de Netnoura and Company, Wilmington, Delaware. 



606 


THE JOURNAL OF THORACIC SURGERY 


Subsequent to this, on July 3, 1950, and on July 7, 1950, attempts were made to re¬ 
move the tracheotomy tube permanently, but it became apparent that it had been inserted 
very near to the point of greatest obstruction of the trachea and that the left-sided wrapping 
of the aneurysm had not as yet significantly decreased the aneurj’sm’s pressure against the 
trachea. 

On July 21, 1950, a right thoracotomy was performed and that portion of the aneurysm 
visible in the right chest was wrapped with polythene film. The fiattened, compressed 
trachea, ivhich had been pushed far to the right and posteriorly, lay partially imbedded in 
the thin, pulsating wall of the aneurysm. The ascending portion of the arch of the aorta 
was greatly dilated, and it expanded posteriorly as a secondary aneurysm which involved the 
trachea. The innominate artery did not appear to bo involved. Dissection was carried 
medially to the limits of the previous WTapping. The trachea was completely freed from the 
aneurysm. 

The patient again recovered sntisfactoril}'. He maintained a weight gain of twenty- 
two pounds and had no respiratory distress. Suctioning was required infrequently, and the 
patient no longer needed ‘^cold steam.” He became ambulatory and felt well for the first 
time in many months. 

On Aug. 22, 1950, the posterior tracheotomy tube was permanently removed. The trachea 
was found on bronchoscopy to be widely patent, althougli there were granulations aljout the 
tracheotomy wound. The patient was able to breathe normally when the tube track was oc¬ 
cluded. 

On Sept. 1, 1950, bronchoscopi’ was again carried out. The healing tracheotomy wound 
was seen until difficulty. There was little evidence of tracheal compression by the aneurysm. 
The patient was discharged on Sept. 3, 1950. 

On Sept. 27, 1950, the patient was readmitted complaining of weakness and increasing 
dysphagia. There were no respiratory symptoms. Bronchoscopy was performed on Oct. 2, 
1950. This demonstrated some bulging inward of the left tracheal wall, but an adequate 
airway was present. During the evening of Oct. 2, 1950, the patient began to vomit bright 
blood and to pass tarry stools. Bleeding continued, and he died on Oct. 4, 1950. Wo assumed 
tlmt the aneurysm had ruptured into the esophagus. Autopsy was not permitted. 

DISCUSSION 

The satisfactoiy maintenance of a posterior mediastinal tracheotomy for 
more than four months in a patient who had profuse, purulent, pulmonary 
secretions complicating severe tracheal obstruction has demonstrated the 
feasibility of respiration by this route. Obviouslj’', careful nursing care was 
of the utmost importance in the result obtained. The right-angled catheter 
that was necessarily used for this patient was not an ideal tracheotomy tube 
for the purpose. Had it been possible to employ a tube with a more gradual 
euiwe, aspiration of secretions from the bronchial tree would have been 
facilitated. Despite the angulation of the catheter, however, the tube re¬ 
mained unobstructed except for one episode earlj^ in the patient’s postopera¬ 
tive course when the nursing technique for the care of the tube was being 
evolved. Every effort was made to prevent secretions from drying in the 
tube. During the time when oxygen Avas necessary, it ivas administered ivith 
“cold steam.” In addition, at one-, two-, or three-hour intervals the trache¬ 
otomy tube Avas irrigated AAuth 2 c.c. of warm isotonic saline containing 80,000 
units of penicillin. Local instillation of this solution, combined Avith the 
systemic use of penicillin and streptomycin, aided in progressively diminishing 
the quantity and purulent character of the bronchial secretions. 
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Although the trncheotoiiiy tube hnd been in jilneo more than four months, 
a few hours after it had been removed air could not he blown out of the sinus 
traek and during subsequent hronchoscopic examinations it became difficult to 
^■iaualize the tracheotomy site. In all probability the freeing of the embedded 
trachea from its site in the wall of the aneurysm coutributed more to the 
restoration of an adequate tracheal lumen than the fibrosis following wrapping 
of the aneurj'sm until poUdhono film. 

Ifediastinal deeompre.ssion ojirried out early in the patient’s hospital stay 
might have been equally eifective in relieving his tracheal obstniction. Cer¬ 
tainly any attempt to produce a lung fistula or bronchial fistula would have 
been a much less satisfactory solution of this desperate problem. 


SUMMARY 

Posterior mediastinal ti’acheotoiny was carried out in a patient ivith low 
tracheal obstruction from an aneiun-sm of tlie arch of tbo aorta. Respiration 
was maintained satisfactorily by this means for more than four months. During 
this period loft and right thoracic explorations were performed in order to wrap 
the aneur\-8m with pob-theno film. The tracheotom.v tube was removed and the 
patient breathed normally for one month. Death then occurred from hemor¬ 
rhage following erosion of the ancuiysm into the c.sophagus. 


REFERENCES 

1. Yeager, George H., and Cowley, It. Adaniii: Stodiefl on the Use of Pobilienc as a Fibrous 

Tissno Stimulant, Anm Burp. 128: 600-520, 1948. 

2. Abbott, Onler A.: Clinical Experleacen with the Application of Polvtbene Cellophane 

upon AneurvBcifl of the Thoracic Vcfaela, .T, Thoracic Sitro. 18: 435-401, 1049, 
n. Borne, John, and Griffin, BelwjTi G.: Twentj'-Seven Coupb of Syphilitic Aneuiyam of the 
Thonicio Aortn nnd Its Branche*, Thomx 6: 293-324, 1050. 

4. Gluck, Th.: Die Entwickelunp der LooRcnchinirgie, Arch. f. klJm Chir. 83: 681-601, 1907. 

6. Eloeaaer, Leo: Bronchial Stonoria, J. Thoracic Simo. 1: 194-213, 270-206, 373-396, 486- 

601, 1931-32. 

fl. Sauerbruch, Ferdinand: Dio Chinirgie der Broetorgane, ed. 2, Berlin, 1920, Julius 
Springer, vol. 1, p. 861. 

7. Rcthi, Uel>er Broncliotomle l>el tiefen unheilboren Verongemngen der Luftrohre, 

MOnchen. mod. Wchnsdir. 69: 81-83, 1922. 

8. irinkin, 8.: Experimentelle Begrundung der Bronchostomia tmnspleuralis, Deutsche 

Ztschr. f. Chir. 193: 280-294, 1925. 

9. Majewski, Adam; Lung and Hronchinl FUtulao as Substitute Respiratory Passages, 

Pne^. lek. Nr. 9, 151-163, 1912, 

10. Kuttner, Hermann: DmekdifTerenz—Opemtionen, Beitr. z, klin. Chir. 60: 1-93, 1908. 

11. .Tirasek, Arnold: Posterior Opening of Trachea and Bronchi as Operation of Necessity, 

Casop. l^k. Cesk. 69: 1201-1204, 1930. 

12. QiUeke, N.: TJeber die entlastende lEedlastlnotomlo l>eini Aneurrsma dcs Aortonbogens, 

Beitr. r. kiln. Chir. 126; 270-276, 1022. 



A BULLET EjMBOLUS TO THE LEFT FEMORAL ARTERY FOLLOWING 
A THORACIC GUNSHOT WOUND 

Probable Entrance Through Thoracic Aorta 
Case Report and Resume op Peripheral Arterial Bullet Emboli 

John L. Keeley, M.D. 

Chicago, III. 

T he popular and reasonalile concept that a bullet wound of the heart or of 
the great vessels connected •with it is rapidly fatal due to hemorrhage has 
a number of exceptions. The literature contains many interesting and in¬ 
triguing reports coneeming the mode of entrance and behavior of intraeardio- 
vascular foreign bodies. Those in whieh there was peripheral arteinal emboliza¬ 
tion of the foreign body are summarized and such a ease is herewth reported. 

case report 

0. H., a Negro laborer aged 27 years, entered Cook County Hospital as an 
emergency case at 5 a.m. on Nov. 13, 1944, complaining of pain in his left groin 
and leg and inability to walk. While in a standing position half an hour earlier 
he had been shot twice, in the right arm and right flank, had immediately noticed 
pain in liis left groin and soon thereafter pain throughout his entire left leg. 
He was able to take two or three steps before his left leg buckled under him and 
he fell to the floor. 

On admission to the hospital, he was in fairly good general condition. His 
temperature was 99° F., pidse rate measured 96 beats per minute, respiratory 
rate 32 per minute. The blood pressure Avas 124/80. One bullet entered just 
anterior to the right greater trochanter. The other bullet coursed through the 
soft tissues posterior to the right humerus at its midpoint and entered the chest 
through the fifth intei'space in the posterior axillary line. There Avas no 
Horner’s sjmdrome. The pupils Aimre round, equal, and reacted to light and 
accommodation. The heart was entirely noimal. There AA’as didlness at the base 
of the right lung posteriorly Avith diminished breath sounds. The abdomen Avas 
soft, and peristaltic sounds Avere present. The right leg Avas negative. The left 
leg was cold and paralyzed beloAv the level of the knee. There Avas a pulsation 
in the left femoral artery just beloAV the Poupart’s ligament, but none in the 
popliteal artery nor in the posterior tibial or dorealis pedis arteries. 

Ei^dhrocytes nimibered 4,100,000, and the hemoglobin level measured 75 
per cent normal. The Kahn test Avas later found to be negative. Roentgeno- 
o-ranis showed no foreign body in the chest Avhere one Avas expected, but the 
shadoAVs of tAVO bullets Avere present in the film of the pelvic region. The bullet 
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whiuli oiiteml the n(:hl hip Iny niong the inferiof rnnuis of the right pubic bone. 
Tlio other Imllet Iny in llio position occupied iiy the left femornl artciy immedi¬ 
ately oYer the head of tlic left femur at the point wliei-o the profunda nrteiy 
arises (Fig. 1). 

Tlic nature of tl\e disturlinncc in tlic left leg was not immediately realized, 
and it u-ns thought that the bullet Avhieh entered the iTgion of the right hip had 
damaged the Inmlrosacral plexus on the left, resulting in paralysis. A neuro¬ 
surgical consultant felt that the findings could he accounted for entirely on the 
hnais of vascular occlusion. Although approximately eighteen hours had elapsed 
since the accident, it was considered ad\dsabic to remove the bullet. 



Fife. 1.—noenttrenoffrara Bhowlnc jxMltlona of two bullets. TTie forelun body ilvadow overlying 
the head of the left femur rwprewnU n bullet In the femoral nrterj-. 

Under satisfactory local anesthesia tho loft femornl artery was exposed. 
The bullet was found in the artery just at the point Avhera the profunda braneh 
arises (Fig. 2). The bullet was exti-acted and a tail clot was removed. The 
artery was closed rvrth a corrtinuorrs mattr-css srrture of silk everting the edges 
of the arteriotomy wound. The patient's general condition rvas satisfactory 
after the operation. Postoperatively no anticoagulant therapy was immediately 
available and none was rrsod in the subsequent management. The patient was 
treated for a time bj' contimrorrs earrdal anesthesia. Novocain injections of the 
lumbar sjTrrpathctic trunk, together with papaverine and the use of venous 
occlusion in otxler to dilate the collateral circulation. 

Approximately ten das-s after removal of tire brrllet, gangrene of the toes 
developed and gradually extended to involve the leg below tho knee. Before 
a line of demarcation appeared considerable irrfectiort in the gangrenorrs leg 
occurred. The temperature rarrged from 103° F. to 105° F., and the blood 
cultrrrc on otro occasion was positive for staphylococcus aureus. Twenty-two 
days after the accident a supracondrrlar amputation was performed. The wotmd 
healed by primary intention and the patient was dismissed from the hospital 
on the fortieth day. 


610 


THE JOURNAL OF THORACIC SURGERY 


Sixteen months after the accident the patient was in good general condition 
and was using an artificial leg satisfactoriljc The blood pressure readings in 
both arms were normal and equal as were the pulses. Fluoroscopic examination 
of the chest revealed no dilatation of the aorta, no enlargement of the mediastinal 
shadows, and a clear retrocardiae space. A roentgenogram of the pehis showed 
the bullet in place along the inferior ramus of the right pubic bone. Recent 
efforts to trace this patient have been unsuccessful. 
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Fig. 2.—Sketch of the operative flekl showing position of bullet at time of embolectoiny. 

ABSTRACTS OF PREVIOUSLY REPORTED CASES 

Twenty-two cases gleaned from the available literature are summarized. 
Additional details of the cases presented by Straus^ appear to justify their 
inclusion in this report. 

The follovdng six patients survived bullet wounds of the chest •with pe¬ 
ripheral arterial embolization of the missile: 

Case 1.—Schloffer,2 1903. A coachman, aged 18 years, shot himself in a suicide at¬ 
tempt while driving a carriage. He was admitted to the hospital two hours later, un¬ 
conscious and in shock, 'with rapid and shallow respirations. The heart sounds were normal; 
a faint pulse was felt at the left wrist but none on tlie right. The wound of entrance was 
just to the left of the midline of the sternum at the level of the nipples. No wound of e.xit 
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tvn* found. The next morning the patient was conscious and complained of severe pain in 
his right arm, which wa* c^Tinotlr, cooler than the left, and had no pulse, itolor and sen* 
sory paralysis Nvns present below tho level of the elbow. A foreign l>ody, the bullet, was 
palpated high In the right nxilla. Two days later there niis fever. Dullness was present 
at the Irose of tho right lung for about ton days. On the twenty-fourth day roentgenograms 
showed the bullet to Iw In the right axillary region. 

At operation two months after injurj* a 7 mUllmeter bullet with an attnchotl thronibus 
and '‘a few drops of pus” were found in the uxlUary artoiy' at Its beginning. Tlio seg¬ 
ment of tho artery containing the bullet was rrmovctl and tho ends llgntcil. There was sonio 
Improvement in the ami hut dlsturlieil motility perslatcHl. Then' was enough difltnrbanre 
in sensation so that the patient unwittingly bumctl his Ungera. Two years later he was 
examined hy I’rof. von dakseh, the Internist, who found tlie henrt to lie enlarged, and findings 
diagnostic of niitml stenosis and insufficiency were present. The hand and arm wore un* 
chauged. 

Cahk 2.—Ruliesch,* 1012. A man, aged 28 years attempted suicide. Tho bullet entered 
lietween tho third and fourth interspace 1.5 centimeters mcnllal to the left mammary lino. 
He remained standing, developed dyspnea, and when seen In the clinic one hour later had 
severe pain in the entire right leg, whlcli was cooler than the left. Both femoral pulses 
were present. Roentgenograms revealed no bullet In the chest, but the shadow of the hullot 
was found just Inferior to tlio head of the right femur, 0 to 0 cm. lx*low tlie Inguinal llgn- 
meat. Emboleetomy two days after the injury rovealwl a thromhus proximal and dUtal to 
the bullet, which lay transverse In tho femoral nriory. Discoloration of the foot iHjgnu 
two days after cmboloctoniy. Three amputations were performed; tlie first, fifteen days 
after the shooting, the last, above tlic kneo, two months later. Two and oni'-iiaK months 
after discharge from the hospital an x-rsy of tho chest was norninl, but tho patient liad a 
systolic muTTOur at the apex of tho heart. The bullet was thought to have galneil entmnet' 
to tlie circulation by way of the heart. 

Case 3.—Boeckol,'* 1917, An Infantryman wu» shot In tho right shoulder ut tlie lev-el 
of the deltoid iruiortion, and subsequently devclopetl liemoptynlK. Od tho thlnl day roenf* 
genognmiB showed the ralssUc to Iw located in the left \-entrlclo. Tlio hullot emholls.ed to 
tho left femoral artery on the fourteenth day, nt which time cmbolectomy wns done. Gangrene 
of tlie leg developed, and it was amputated oil tho clgliteonth day. Tho patient was dis¬ 
missed from medical care on tho thirty-fourth day. The missile was descrilKMl as “a Ger¬ 
man bulleL" 

The case of ilaurixoto so closely resembles that of Bocckel as to the inlKSlh*, "a Oorniiin 
bullet,” the point of entrance, symptoms, the interTals before emholectomy, gangrene, ampu¬ 
tation, and dismissal that tho two authors seem to have dcscrilie<l the same ctiHO Indejiendently. 

Case 4.—Perdoux’ rase, presented by Baumgartner,i 1019. A soldier, ago not Htaled, 
was wounded by an airplane machine gun bullet whleh entereil In the right jiosterlor axillary 
line just lateral to the scapula. He wns unconscious for a time but was in gorsl geni'ml 
condition when examined nine days later. On tho thlrlwntli day, roenfgoaognuiis sliownl 
the missile to lie in the anterior part of the heart near the diaiihmgni. The paint u( the 
bullet was dlrecteil toward the Imse of tlie heart. Twenty days after Injury roeiitgimagmiiiH 
and fluoroscopy showeil tlie bullet in the same region with the point Inininhlle, hut the liiiw 
oscillated with the cardiac movements. Tiiirty days after Injury tlio missile ahr-eiil from 
the cardiac area, but u-es seen in the region of the right I’ommon lllnc nrtery. The mlgni- 
tlon had not caused any symptoms. There were iio pulses imlpiihh* In the right leg, Mini the 
blood pressure at the level of the calf was 50/30. On tin* forty-third day 1,200 ciiblc rniitl- 
meters of serosangulneous fluid were removed from tho right plnuml cavity, (hilfuri* of ll 
was negative and the temperature was normal. On the eighty-seventh day rtH-ntgenogmiiis 
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showed the bullet Ijdng obliquely in the region of the right common iliac artery. At that 
time the patient had no dyspnea and walked easily but liad cramps in his leg wliilc climbing 
stairs. On Dec. 21, 1918, ninety days after the accident, laparotomy was performed, the 
right iliac artery was opened, and the bullet was removed. The arterj' was sutured, but the 
circulation was not restored. Pulsations did not return but the efficiency of tlie circulation 
improved. Si.x months after injury the patient could walk fast without discomfort, but 
noted weakness in the leg on climbing stairs. There were no cardiac symptoms and no ab¬ 
normal cardiac findings. 

The author thought tliat the early immobilitj' of tlie bullet meant that tlie point was 
fixed in the anterior wall of the ventricle and the base in the posterior wall. The move¬ 
ments of the heart loosened the base and as it gradually entered the cavity of the vertical 
the wound in tlie posterior wall healed behind it. The base was then free to move in the cavity 
of the left ventricle. It was not until the movements of the heart freed the point of the 
bullet from the anterior wall of the ventricle that embolization occurred. 

Case 5. —LaRoque," 1920. A male, aged 30 years, was shot from above while running 
downstairs. He continued to run "a short distance” when the left leg gave way; pain 
and weakness developed in it. Examination disclosed the bullet hole medial to the ventricle 
border of the left scapula, and a large effusion in the left thorax. Roentgenograms showed 
bullet fragments and fluid in the left chest, but the main part of the bullet was found by 
roentgenogram in the region of the left femoral arterv. The patient was treated symptoma¬ 
tically and, on the eightieth day after the accident, 2 inches of the left femoral artery con¬ 
taining the bullet and a similar leng^th of the accompanying vein were resected just above 
the profunda branch. Quadruple ligation of the vessels was done. The postoperative course 
was uneventful, and the patient was ambulatoty in two weeks. Efforts to trace this patient 
after dismissal were unsuccessful. 


Case 6.—Cooper and co-workers,s 1948. A soldier, aged 22 years, sustained a penetra¬ 
ting wound of the left arm and chest from a 45 caliber bullet on May 26, 1945. He was ad¬ 
mitted to a hospital shortly thereafter. The bullet penetrated the lateral aspect of the left 
arm, fractured the humerus, emerged on the medial aspect near the ax-illa, and then entered 
the chest between the fourth and fifth ribs in the axillary line. A hemothorax developed. 
The fracture of the humerus w'as treated and the wound of the chest was dfibrided and 
sutured. A swishing murmur was heard over the sternum on tlie fifteenth day. On tlie 
twenty-sixth day he suddenly complained of pain, coldness, and numbness in the right foot. 
The femoral pulse on the right disappeared the next day, and the pulsations in the left 
leg were diminished. Roentgenograms three days later showed the bullet at the bifurcation 
of the aorta. Seven months later, after trvo attacks of pain in the chest and abdomen, the 
segment of the abdominal aorta containing the bullet just above the bifurcation was ex¬ 
cised. Complete recoveiy followed. The bullet apparently entered the heart or was carried 
there from one of the great vessels, and remained there for twenty-six days. 

The follotving are ten fatal cases of thoracic bullet wounds tvith peripheral 
arterial embolization of the missile. 


Case 7.—Schmidt,® 1885. A man, aged 30 years, committed suicide. The body was 
studied in an anatomic laboratory, and no details of the clinical course are available. The 
bullet was 3 cm. long, 2 cm. in circumference and weighed 3.45 Gm. It entered the sixth 
interspace 10 centimeters to the left of the sternum, passed upward and through the an¬ 
terior nail of the left pulmonary vein, and caused slight damage to the posterior wall. It 
was then carried by the blood stream into the left auricle through the left ventricle and 
became lodged in the left femoral artery, wliere it was associated with a thrombus 15 cm. 
long, indicating a period of survival. The cause of death was thought to be pulmonary 
hemorrhage, and the author states that he had not found a similar case previously rcportml. 
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C.MfE 8.—Dittriclijio 3S07. The author reports only tlio following details vrliicli were 
apparently found at autopsy follu\ring snicidc. Tlierc \nis n conical bullet low in the ab¬ 
dominal aorta. It Imd pcnctrntwl the anterior wall of the ascending nortn, renclietl the 
aortic lumen, and prolmbly dosrondetl only on the nmnlpulntion of the endaver during 
transportation. 

Care D.—0’Neill,** 1017. A soldier sustnined a wound from a shell fragment In the 
left posterior axillaiy lino at the level of the fiftli interspace. Roentgenograms three days 
later showed paralysis of the left half of the diaphragm, a left pleural effusion, and n 
foreign body probably in the loft ventricle. A half hour after the roentgenograma the left 
leg became cold and cyanotic from tlio knee to the ankle. Roentgenograms on the fourth day 
showed the forelgJi l>o<ly to l)e absent from Its previous thomeic location, but present in the 
midab4lomcn apparently at the aortic bifurcation. The pntient died on the llftli day of 
“gencrallie<l gas gungrone,’’ and at autO|»a)* the ballet was found at the bifurcation of the 
loft common iliac artery. The pericardium had a small tear with a snmll amount of blood in 
it. A tear of the intcr%”entrleular septum and of the conlnc tondinae of the aortic val\*e 
indicated probal»le entrance into the left ventricle. 

Case 10.—Bo Rouault,i* 1017. A soldier sustalnetl a Imllct wound, caliber not Ptnte<l, 
at the ertomal end of the spine of the right scapula. There was shock, hemoptysis, a right 
hemothorax, and motor and sensory parnl>*8is of the left leg. A roentgenogram showed no 
foreign body in the spinal, thoracic, or abdominal regions, but a roentgenogram on the fourth 
day showed the ballet In the region of the left femoral artery. Tlic treatment was suppor¬ 
tive, and the bullet wns removed on tho fourth day from the left femoral arterj' under local 
anesthesia. Tho patient died on the sixth day ond autopsy showed a right liomothorax, con¬ 
gestion of the base of the loft lung, a transverse wound of the lower lobe of the right lung, 
and gangrene of the left leg, Tlie aortic wound wn® an iiregulor triangular defect at the 
junction of the arch and the descending aorta. Its greatest dimension was 5 millimeters on 
the ontsido and 16 millimeters on tlie Inside. A small superficial wound of the intima was 
present on tho opposite wall. Tliere was a slight iK*riaortlc effusion of blowl. 

Care 11.—niand*8attoii,i3 lOlP. A soldier wtis struck in the chest" by a rifle 
bullet, caliljer not stated. The bullet wns palpated in the left external iliac artery before 
death. A thoracentesis wns done. Four pints of “fused blood" were refovere<l. The 
bullet wound ams found in the left external iliac, artery at autopsy, and there wns a “small 
wound in the aorta just Iwlow the arch.” Beatli was thought to be doe to streptococcal 
infection as a positive culture was obtained. 

Case 12.—LcCIerq and Muller,1930, A man, after being wounded by an S milli¬ 
meter bullet, 3 centimotors to the left of the mldlino of the back, at tho level of the eighth 
dorsal vertebra, brought up “frothy blood" and died after walking “a few steps." 
Autopsy showed the bullet had passed through the muscles, grooved tho left surface of the 
seventh dorsal vertebrae, passed through the thoracic aorta, pierced the left bronchus but 
could not be found anywhere in the thoracic visoera. Tliere was hemorrliagc into the pos¬ 
terior mediastinum down to the diaphragm. The bullet was found in the loft femoral artery 
where the profunda arises. Apparently the bullet fell back into the aorta after causing on 
opening in the left bronchus. 

Care 13.—l^eClerq and Muller,“ 1930. A woman, ngwl 27 jt^nrs, sustuined a wound 
from a “liall," site not stated, firtnl from n distance of about 0 meters. It pierced the upper 
part of the left thorax near tlie axillary line. The survival poriotl was not stated, but 
autopsy the “next day" disclosed the bullet had pierced the left lung causing abundant 
hemorrhage into the pleural cavity, pericardium, and mediastinum. There was erosion of 



618 


THE JOUKNAL OF THORACIC SURGERY 


The very interesting experimental work of Fritz and eo-workers^" indicates 
exceedingly well what may be expected when foreign bodies gain entrance di¬ 
rectly or indirectly to the cavities of the heart. Fritz and his associates in¬ 
troduced foreign bodies into the left side of the heart through the left auricular 
appendage in thirteen dogs. In twelve animals the foreign body was immedi¬ 
ately embolized to the aorta or one of its branches. In one animal the foreign 
body was trapped in the auricle by the ligature used to close it. Of fifteen 
foreign bodies introduced into the right ventricle thirteen were promptly carried 
into the pulmonarj' circuit; one was caught behind the papillarj’^ muscles of the 
right ventricle. No cardiac dysfunction resulted. Antopsj^ in this animal ten 
days later showed the foreign body to be encapsulsated by a thin layer of fibrin 
with no associated thrombus formation. In the other animal, the foreign body 
remained in the tip of the right auricle and was found to be firmly fixed there 
mthout a propagating thrombus at autopsy twelve weeks later. 

Foreign bodies were introduced into the jugular vein in seven dogs and 
in aU embolized to the lungs. In a few of the animals the foreign body remained 
in the chambei-s of the heart for as long as thirty-six hours. 

One would expect a foreign bodj' entering the aorta or left heart chambers 
to be propelled quicklj^ in the direction of blood fiow. However, this did not 
occur in the ease reported hy Tegeler.*^ The patient recovered and had no 
cardie sjTuptoms for thirteen months when he was accidentaUj’^ electrocuted. 
Autopsy disclosed that the bullet had entered the aorta, fallen back into the left 
ventricle where it became encapsulated by fibrin, and was held in place by the 
chorda tendineae. In Singleton V® case a farm laborer was shot accidentally 
in the antei’ior part of the left chest. A “state of collapse” followed but the 
patient returned to work in four days. He died suddenly on the fifty-fourth 
da}^ after the injury. At autopsy the bullet was found encapsulated in the left 
ventricle by a thin coat of fibrin, having passed through the right ventricle, the 
upper portion of the septum, the semilunar valve, and the aortic wall before 
entering the left ventricle. 


SUMMARY 

A case of thoracic buUet wound followed by embolization to the left femoral 
artery is presented. This appears to be the sixth surviving case of its kind, 
five others having been found in the literature. In addition fifteen other cases 
in which bullet wounds of the heart or associated great vessels had been fol¬ 
lowed by peripheral arterial embolization of the foreign body are summarized. 

It is obrtous from the behavior of the missile both in the clinical cases and 
in animal experiments that any conclusion as to the point of entrance into the 
vascular system on the basis of time of embolization is unsound. The entrance 
of a missile into the cardiovascular system through the wall of a heart chamber 
or aorta miglit be determined with greater accuracy on the basis of the presence 
or absence of hemoptysis, pericardial friction rub, or effusion, mui'mui’s, electro¬ 
cardiographic changes, and the results of fluoroscopic and x-ray studies. 

Detailed study of these cases suggests that a thoi’acic wound with a small 
caliber missile may do no serious damage to the lungs and pulmonarj- vessels 
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but still mny Imvc sufficient force to pici*ce one Avnll of the oortn or of a cardiac 
clmmbor. It nmy then l)c enil>oIizc<l immediately or later to the systemic vessels, 
l>oing carried usually to the iliac or femoral vessels and more commonly to the 
left side. The path of a bullet which appears to afford the best chance of enter¬ 
ing the aorta without damage to nssoointed structures is apparently through 
the anterior chest wall to tljc left of the sternum. A wound involring the ab¬ 
dominal aorta is likewise compatible with .sundval for a time, but is usually 
a.ssociated with extensive damage to other structures leading to higher mortality, 
there being no reported eases of sun'ivaJ from this combination of injuries. 

Therefore, in in5rtanoes of bullet M'ounds with only a wound of entrance, 
failure to demonstrate tlie foreign body in the expected region should prompt 
the suspicion that it may liavc entered the cardiovascular sj'.stcm and been 
carried away, tints suggesting that other parts of the ])ody be studied roentgeno- 
graidiicnlly. Early motor nud sensory paralysis due to Ischemia may suggest 
the erroneous diagno.sis of a lesion of the ncr\’oiiB system. Finally, the correct 
diagnosis should lend to early cmbolectomy, a recommendation made by Scliloffer 
in 1903. With the present improvements in the tcchnitpie of cmlwlcctomy, re¬ 
coveries from aoriic or cardiac wounds "with emlwlization of the foreign body 
might, in the future, be complete even to the survival of the involved extremity. 
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TUE EPEECT OP DECREASING THE AJIOUNT OF LUNG TISSUE ON 
THE RIGHT VENTRICULAH PRESSURES IN ANIJIALS* 

Ratjii P. CAiti.soN, JI.D. *• Berkahd C. CiunBON, JI.D., 

Harmia G. a. Charbon, JI.D., and IV. E. Adamk, JI.D. 

CiiirAoo, lU/. 

S TUDIES of tlio (lynamips of the lesser circiilntion have been carried out hy 
many workers since at least 1850. Most of the studies reported have l>een 
acute e.xperimcnts in which the pulmonary vascular hed was pradually occluded. 
Right auricular or ventricular, or pulmonarr- artery pressures along with 
systemic arterial and venous iirc.ssurcs were recorded. The piessurcs in the 
Ic.sser circulation weie recorded hy means of placing a glass tul« directly into a 
hranch of the pulmonarj’ artery (Bciitncr, 1852),’ or hy passing a glass or silver 
tube through an cxtcmal jugular vein into the right heart as was reported by 
Badoud’ in 1874. 

Lichthoim,* doing c,xperimcnts on dogs, iisuig curare and artificial respira¬ 
tion, in Cohnhoim’s and Ilcidenhain’s lalmratorics, reported in 1876 that up 
to three-fourths of the pulmonary vascular bed could be occluded without 
changes occurring in the carotid or peripheral venous pressures. The mean 
pulmonary arterial pressure rose as he olwtructed more and more of the 
pulmonary vascular hod. 'When more than three-fourths of it was occluded, the 
s.vBtomie pressure began to fall, although the mean pulmonary arterial pressure 
remained constant or lesc slightly. If still more of the vascular bed wore ob¬ 
structed, the animal soon died. Welch,* Pluiuior,’ Tigerstedt,*' • and Gerhardt’ 
confirmed these results. Scarff” measured the pulmouaiy arterial pressure in 
dogs during pneumouectomy. Gibbon and eo-workere’° found that there was no 
significant effect on arterial and venous pressures until more than 60 imr cent 
of the pulmonarj' arterj- was occluded. Fineberg and Wiggers” studied the 
dinstolic-sj'stolic right ventricular and aortic prcssui-os in dogs, Thc.v concluded 
that compensatorj' changes occur in the right hcari sufficient to prevent clianges 
in the aortic pressure pulses, up to a point where loughly 58 per cent of the 
pulmonarj- circulation was occluded. 

Long and co-workers” found that if in the dog one lung ipot is suddenlj- 
occluded, a rise occurs in the right ventricular pressure which reaches a peak iu 
two to tcu minutes and then falls slowly to return to the pro-ligation level in 
twenty-five to thirty minutes in most eases. 

Since the advent of cardiac catheterisation in man, the dynamics of the 
lesser c irculation have l>con studied in patients with a -wide varietj- of various 
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pulmonaiy and cardiac disordei-s. Conrnand^® and co-AVorkei-s studied pulmo- 
narj' liemodynamics liefore and after pneumonectomy. I\Iendelsohn“ and co- 
morkers studied the pulmonaiy arterial pressure during surgery in a group of 
eleven patients subjected to various chest operations, including pneumonectomy. 

Although it is well knoivn that most patients are able to tolerate a pneu¬ 
monectomy with surprisingly few obvious circulatoiy changes, a certain number 
of patients—notably those in the older age group—are not able to withstand 
the rigors of a pneumonectomy. In some eases this may be due to the failure 
of the right ventricle to make a satisfactory adjustment to the strain of having 
the pulmonary vascular bed suddenly reduced by 50 per cent. 

It was thought, therefore, that it would be of interest to study the right 
ventricular pressures in a controlled animal experiment during and after the 
removal, in stages, of up to 85 per cent of the pulmonaiy tissue by a combina¬ 
tion of pneumonectomy and lobectomy. The question arose as to whether there 
might be some correlation between the pressime changes and the suindval or 
death of the animal when the pulmonary tissue was reduced to verj^ low levels. 

It is the purpose of this paper to report our obseiwations on the right 
ventricular pressures during operation; (1) in a gi'oup of animals undergoing 
pneumonectomy; (2) in a group undergoing lobectomy or bilobectomy follow¬ 
ing pneumonectomy; and (3) in a group where the lung tissue was reduced to 
one or two lobes by three operations. The right ventricular pressures were 
determined at intervals following operation in most of the suiwiidng dogs. Also 
systemic pressures, blood oxygen analysis, and hematocrits wei^e studied. 

TECHNIQUE 

Normal, healthy mongrel dogs weighing finm 10 to 14 kilograms were used. 
They received 45 mg. of morphine as premedication. Undrr local anesthesia, an 
8F cardiac catheter was introduced, in most eases through one of the external 
jugular veins into the right ventricle, under fluoroscopic control. Occasionally 
a femoral vein was used. The right ventricle, rather than the pulmonaiy arterj', 
was chosen for the measurements for several reasons. It was found that it was 
easier to maintain the position of the catheter ui the ventricle rather than in the 
arterj' because of the manipulations taking place before and during the opera¬ 
tion. IMoreover, it is not always easy to place the tip of the catheter in a given 
portion of the arteri*; for instance, the catheter might be located in the artery 
to be divided. Also artefacts are more common in recording pulmonaiy arterial 
pressures than ventricular pressures. Veiy often some disturbance in rhythm 
occurred as the catheter was being manipulated into the ventricle, but once it 
was in place, no further disturbance was observed. Difficulty because of having 
the tip of the catheter in the right ventricle during the operation was not 
experienced. Because of convenience, heparin 0.5 mg. per c.c. rather than a 
saline drip was used to keep the catheter open. The total amount of hepaiin 
rarely exceeded 5 mg., and tliis caused no unusual bleeding during the surgery. 
jMeasurements were made either ivith a Hamilton manometer or a Sanborn 
Electi-omanometer, using an electrocai-diogram apparatus for recording. 
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Fifi. 1 slioi™ nn nntcrojiosteiior niiJ a iiitcral itieiitpenognim of a iionnal 
(log (Will flic cardiac catheter in place. 

Itccordings of heart rate and right vciitriculur in-cssm-cs rvei-o made in 
the following order: while the animal was still awake; after induction of ether 
anesthesia; after insertion of an endotracheal tuIic and connection reith the 
anesthesia machine; after the chest was opened; after the artery to the lobe or 
lung to be removed was mobilized; immediately after ligation of the artery; 
after loheetomy or pneumonectomy; after closure of the chest; and at the con¬ 
clusion of the procedure with the anesthetic discontinued, ns may be seen in the 
tables. 

The anesthesia used for the first operation was other and air given under 
slight continuous positive pressure. Ether-oxygen was used for the second and 
third stages, with controlled respiration while the chest was open. With this 
method, the animals practically always remained in good condition during the 
operation, even when the left u|)per lobe was the only remaining lung tissue. 



FIff. 1.—Anteropo»terior anti Internl chMt roentc^Dopram of normaJ Oog *ho\rJng canlinc 

cattliet^r In place. 

The operations were all done b.v the usual dissection tcchniqne. After com¬ 
pletion of the proC(Klui-e an attempt was made to adjust the intra])leuml pressure 
to about -1.') to -5 cm. of water. The opening in the jugular vein was then 
closed with 00000 deknatel suture to -save it for sulraequent catheterizations. 
After the first operation the animal received no siiecial care. After the second 
or third, the animal was placed in nn oxygen Imx for a few hours. Penicillin 
was used only cxceptionall.v. 

Following the first stage, at least three months were allowed to elapse be¬ 
fore further reduetion of the ])ulmonnrv- tissue was carried out in order that 
the animal miglit recover fully. In one group of animals, measurements were 
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taken during each stage; in another group, onlj’- during the second or second 
and third operations. 

Fig. 2 shows a bronchogram of the remaining liuig tissue in a dog that had 
undergone pneumonectomy and right lower and accessory lobectomy. 

RESULTS 

Table I shows the measurements which were taken Ijefore, during, and 
after pneumonectomy in a group of fifteen animals. All animals survived the 
procedure, three dying later of miscellaneous causes. Nine of these have under¬ 
gone further reduction in lung tissue. It can be seen that most of the dogs 
followed the average of the group rather closely. Up to the point just prior to 
ligation of the arteiy tliere was very little change from the initial pressures. 
For some unexplained reason. Dog 436 had temporarily a verj’^ high diastolic 
pressure. At the point where the artei-y was ligated, it can be seen that there 
was a slight to moderate rtse in the systolic component, averaging 10 mm. Hg. 



Fig. 2.—A, Bronchogram showing entire chest of animal having only the right upper 
and middle lobes remaining. B, Spot film of same animal. 1. Stump of left 
2. Stump of bronchus transected above lower and accessory lobe bronchi. 3. Right middle loDc. 
4. Right upper lobe. 

The sj'stolic pressure was still a little higher in most of the dogs by the 
time removal of the lung was completed. At the end of the procedure the 
systolic pressiire was somewhat lower in most of the dogs, although it still 
averaged 9 mm. higher than initially. There was little change in the diastolic 
pressure in this group during the entire pi-ocedure. 

Table II shows the measurements of fifteen animals which were token at 
the time of removal of the light lower and accessory lobes. All these animals 
had had a prertous left pneumonectomy. x\ll animals survived the operation, 
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four died iritliin twenty-four hours, nnd three otliers Ijotwceii one week and 
several months later of cnusi>s other than cardiorcspirelorj- failure. Eight are 
still living for jieriods uji to eighteen month.s. The initial sj-stolic pre.ssure was 
moderatclj' elevated in several of the aninial.s. As with the pneumonectomy 
group, however, there was, with a few exceptions, no great change in pressure 
until ligation of the arterj-. When the artery was ligated, an mmediafe average 
rise of 20 mm, Ilg occurred in the systolic pressure, with a variation of from 
4 mm. to 38 mm. Hg. After the removal of the lung, the average systolic prc.v 
sure was 5 mm. higher. Little change in pressure was ohsciwed from then on 
until after the anesthetic was stopped. Several of the dogs exhibited a high 
diastolic pre.ssure at some period during the surgery, hut the dia.stoLic pressure 
for the group remained almost constant throughout. 

Table III shows the measurements which were taken at tlio time of removal 
of the left lower lobe in eight aniniabi. The.sc dogs had all had the right lung 
removed iircviously. Four of these animals died witlmi twenty-four hours of 
imlmonary edema, two died a few days later of causes not diicetly related to 
the small amount of lung tissue remaining, and two are still suniTOig. These 
dogs consistently had, prior to ligation of the arterj', a higher sj’Bfolic pressure 
than the group of animals in Table II. After ligation of tlie artery' the .systolic 
pressnre rose an average of 14 mm. Ilg, with a variation between 6 and 28 mm. 
Hg. The .s,v,stolie pressure rose an average of 8 mm. Hg more by the time the 
lobe was removed, nnd had fallen 3 mm. by the time the anesthesia wits dis¬ 
continued. It may bo noted that the diastolic pressure was high in this group 
after ligation of the artery, nnd remained elevated at the eonelusion of the 
procedure. 

Table IV shows the measurements of five animals, four in which the lung 
tissue was reduced to the left upper lobe, and one to the right upiier and middle 
lolies, by three operations. It was thought that there miglit be a lower mortality 
rate wdth a more gi'adual reduction in imlmonary tissue. The first four animals 
all died, two within twenty-four bom's, nnd two later. As the results from these 
few animals did not seem to indicate any advantage in the thi'ec-stngo procedure, 
it was abandoned. 

Jlensuremonts taken at intervals following surgei'y in the sunivors show 
right ventricular systolic pressure to lie lower than at the end of the operation 
in moat of the animals, hut higher than in noi'mul dogs. In several it is very 
high. 

The results of .sy.stcmic prc.ssures taken before and after surgei'y showed 
that the pressure in most cases was not greatly different after the surgery than 
initially. In general, it fended to be a little higher; significantly lower values 
were found in none. 

The hematocrits taken before, during, and after the procedures did not show 
any significant change. Except for the fact that the heart rate always rose 
after induction of anesthesia, no constant changes were noted. 

In the sun’iring animals blood oxygen analyses have shown a normal value 
in almost every' case. 



Table III. Rioiit Venthioulah PjtEssuRES m Mm. Ho; Lelt Lower Lobectomy in Hogs Having Previous Bight Pneumonectomy 
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DI8CUSSI0X 

Tliis approncli to the prolilcm of the ohanges oeeiirriiig in the lesser eircula- 
tion when a portion of the pulmonary vascular hod is occluded is different from 
most of the iircvious work; lung tissue was removed, and tlie animals kejit alive. 
Previous work has largely coitsisled of acute experiments with partial or com¬ 
plete olistruction of the putmonarj- artery heing carried out over periods var^'- 
ing from a few minutes to several hours. We realize, of course, that reducing 
the lung tissue in stages gives the heart and the remaining pulmonarj’ vascidar 
lied time for adjustment. Sudden occlusion of all the arteries except to one lolie 
Ls not the same us gradual reduction as we have carried out. Also, as the 
mediastinum is not a stable stnicturo in dogs, the remaining lung tissue will 
expand until it fills the space previously occupied hv both lungs. 

GRAPH 1 

AveBAOE Right Ventricular Pressures During Removal of Lunq Tissue 



Amj/Vc Aelewp OmiKi. Chott- jr^^ry a,„f ^ 

mtc/l/nc open laoltM tied removed dosed stoppiod 


AVhethcr or not the animal survivc-s the reduction of this amount of lung 
tissue depends not only on the ability of the nght heart to adjust to the increased 
resistance, hut also on ;vhcthor enough piilmonao' tissue remains to supnlv the 
I'espiratorv needs of the animoL Of the seventeen deatlis occurring in the 
of dogs that had a second or thinl operation, ten occ.nrrcd within a twcntv-fesr 
hour period, seven occurred from a few days to several moaths later of 
laneous causes. The ten dogs that died soon after ojicralion all exhfiiitcd ^ 
lar picture of increasingly severe d>-8imca and cyanosi'i. At autopsy eV- 
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similar prominent finding—massive pulmonary edema. Groas dilatation of the 
heart mas obsen-ed in several of tliese animals, but not all. 

It is difficult to separate the cardiac from tlie pulmonaiy factoi’s in these 
animals. However, as soon as pulmonary edema appeai-s, a vicious circle is set 
up. The remaining lung tissue is less able to oxygenate the blood, causing in¬ 
creasing damage to the pulmonaiy ti.ssue and myocardium with more pulmonaiy 
edema until the animal dies. 

The suiwiving animals all appear .surprisingly healthy, although several of 
them have a very high right ventricular sys-tolic pressure, indicating that the 
increased resistance caused by the decrea.sed vascular bed has imposed con¬ 
siderable strain on the right ventricle. It Avoidd appear that the right ventricle 
has a considerable ability to compensate; that is, it is able to overcome the 
increased resistance without any obvious ill effects, at least for many months. 

graph 2 

Average Right Ventricular Pressures in Survivals and Deaths 



One sees from Graph 1 that a definite difference existed in the systolic pr&s- 
sures in the three groups of animals, which goes along vdth the amount of I’c- 
duction in the pulmonaiy vascular bed. It is not clear just why there Avas the 
observed difference between groups 2 and 3 up to the point of ligation of the 
artery. Up to this point the only difference in the amount of I'eduction was 
that the dogs in group 2 had a left pneumonectomy, while those in group 3 ha 
a right pneumonectomy. Although the right lung is somcAvhat larger than t le 
Icft.dt is questionable Avhether this is the only factor accounting for the observed 
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difference. After lignlion the nmoutit of incren.se in pressnre tronld nppcnr to 
correlnte intlier well tvitli tlio ninount of reduction of tlie vnsculnr lied. The 
diastolic iin'ssure in group 3 was well ulio^'C that in group 2, c.specinlly after 
ligation of the artery, Ix'ing considerably above normal in many of the dogs in 
groti]) 3. This may indicate that the right heart was verj- nearly on the verge 
of decompen.sntion, when this amount of retlnction was carried out. 

Prom this graph, it is apparent that at .sevcrel jioints the animals in group 
1 had slightly higher lUTssures than those in gro\ti> 2. The fact that group 1 
had contimious po.sitive pressure anesthesia might account for this. 

Prom Ornith 2, which shows the average pi-casiires of the dogs d.viug within 
twent.v-four hours and those surviving the last operation by at least two weeks, 
one gets the impre-ssion that the dogs which died had somewhat higher prassures 
than those that sunived. However, the individual variations are such that this 
Is jirobably of little significance. 

It is aiiparent from the tables that the mortality in the group ha^dug only 
the left upper lohe remaining was much higher than in the group where the 
right upper and middle lolies wore the onl.v remaining lung tissue. It Is probable 
that the difference in the amount of remaining lung tissue in the two groups 
accounted for this. It is also iirobablc that in most dogs the point of maximnni 
reduction conipatiblo with life lies ju.st botweeu these two grouits. 

The follow-up pressures in the .surviving animals indicate, ns one might 
e.xpect, that in most cases the systolic pressure falls ns the remaining pulmonary 
vascular bed Itccomcs adjusted to the increased blood flow through it. However, 
moat of the pressures remniu at levels higher than normal, indicating an in¬ 
creased resLstnnce to the right heart output. 

SUJtMAnv AND CONCLUSIONS 

1. Data are presented on changes occurring in the right ventricular pres- 
.surc in dogs during removal of lung tissue. 

2. In the majority of animnls decreasing the pulmonaiu- tissue caused a 
rise in the right ventricular s.vstolic pressure somewhat in proportion to the 
amount removed. 

3. Jinny dogs tolerated reduction to the right middle and uiiiicr lobes. 
Very few were able to tolerate removal of all pulmonniu" tissue e.xcept the left 
upper lolie. If the animal survived the first twenty-four hours following opcni- 
tion, the ehnnec of prolonged .survival was good. 

4. It was difficult to correlate the pr&ssure changes with the survival or 
death of the animal. 

5. The right ventricle in dogs has coiLsiderable iKiwer of comiicnsntion. 
jiroviding the sti-ess is imposed giaduall.v. 
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